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. ABSTRACT - 

This unit of the Flexible'Learning ^System (KJ^S) > the 
' second of a 3-volume series on children 's '"thinking, focuses on the 
development of order relations (seriation) in children between 3 and 
8 years of age. The series is based on the application of Jean 
■Pia'get's work to early childhood education. Seriation concerns the 
way children " reason about . relationships between elements of a series 
or seguei\pe.' The unit is designed for use with a group of adults to 
help them understand order and its organization- in the preconceptualr 
'intuitive^ and concrete-rope rational 'stages of development. Practice in 
e^tploring children's thinking is provided. Activities include thought 
problemsr role playing^ "child interyievSr discussionsy reading and 
viewing a color videotape on seriation from a series entitled The 
Growing Mind: A Piagetian View of Young Children. Rip-out guided 
interview forms are provided for all interviews • Also in"cluded-.-ax-e^ an 
introduction to Piaget and his general theory, educational 
implications _Df the- theory/ seriation ma.terialSr a transcript of the 

videotapesr and an annotated biDrib"gr.aphYT' Relli'te^^ 

"Exploring Children's Thinking: Classification"; "Exploring 
Children's Thinking: Conservation"; "Wor'iCing with Ckildrei:L's 
Concepts"; "Using. ^Toys and Games wit^^h Children"; "Developing 
Children's Se-nse 'Perception." (Author/SB) - 
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OVERVIEW 

• • • 

• This unit is about how children between four and eight years^of- age 
'think about order relations (sequencing and seriatjon). rt is. accompanied 

by a 30 minute color videotdpe showinc) the developiDont of ordfer relations. 

Thouyh this book is designed to be used witfr a trainer and a group of 

learners, it will also pr«)ve useful to the individual student. 

There are 12 activities' that serve as the backbone of the unit. You 
will, do some by yourself, some with other adults, and some with children. 

The main learning will con\ from pursuing the activit'TeFlind 'sharing your 
questions and insights withlfellow learners. Chapter 4 provides additional 
activities that can be carried out with children to extert^d ytur explor- 
ation of their under^standing of order relatio'n^, . Chapter 5 discusses the 
educational implications , of wtiat you will have learned, ' ^ . 

When you have finished this unit, you will: . I ; 

• b.e familiar with the general nature of Piaget's work on child 
development; - * . ^ 

• be able to demonstrate the differences between adult and child- 
thought as revealed in a variety' of seriation^.l^PDblems ; : • ' 

• be able to interview children between four-ahd eight years of age to 
determine their understanding of order relations;. 

• be able to demonstrate the differences in the way children seriate ' 
within the pre-conceptual , intuitive and concrete-operational stages, 
of development; ' , - \ \' 

• be able to develop a system for interviewing children and keeping 
records of your findings; ■ 

• recognize how order relations are involved in a wide variety of activities. 



PREFACE 

If you plcin to* or arc presently affecting tt)e« experiences of children, 
then'' you s^lould learn about children's thinking. This book is part of a 
.series called Exploring Children's thinking (ECT) . This series cov/}rs 
four areas 'of mental development between four and eight years of age: 
cla'ssif ication, seriation (order relations), number and measurement 
(quantitative relations), and spatial relations. .The first three topics 
are covered by individual books. (Parts 1 through 3) and by corresponding 
30 minute color videotapes illustratfng children's reasoning.' The fourth 
topic Cspatial , relations) is covered by a fourth video'^ape.^ 

In reading through this' book-, you will explore how childreli develop 
in their understanding o-f order relations. Order relations are involved 
whenever objects, events, or expeniences are sequenced or thought about 
in terms of a series. "First, second. .. last," "less-than and greater- 
than," "to' the right af," "north of;," "in^the middle of," "older-than and 
younger-than," are 'all concepts that depend upon an understanding and use 
of ord^ relations. Concepts of time and measurement are likewise 
■dependent upon a use of order relations. " • 

If. this is your first exposure to thi^s. topic, you will be surprised 
by what you learn. Below a certain 'stage In development children dp not 
reas.on about order or • sequences in the same way. as adults, no matter hoyj 
they are taught gr raised. Their ordering skills, like their thinking in 



1. Videotape series titled: The Growing Mind: A Piagetian View of 

Young Children . ^ " 

^ ... ■ <xt- ■ ■ . ■ 

\ . . • • 



general change in fundamental ways as they develop. You will see that 
children at the same stage of development reason^about, order relations in 
similar ways, no matter what their educational or cultural experiences.^ 

In addition to the topic of order relations; this book introduces the 
work of the Swiss psychologist, Jean Piage'c. Piaget is internationaj/ly 
recognize<J,^as a -leading authority opi the "character and development o:^ 
children's thinking. He has shown with astonishing breadth and detail- the 
nat'ire- of wh'at children know and understa^nd and how their- understanding 
changes as they develop mentclly. ■ - ■ ^' n 

\ . 

. Piaget 's contribution lies not only in the numerous areas he and his 
-CQ-^Q rker > - h a ve i n v e s ttgcrtre'd", but equally important, in. the method o'f 
investigation called-^structural ism. Structural ism embodies not only a" 
means of studying thinkjng and its development, but also a theory that 
guides the . exploration and provides a framework for understanding what is 
found. . As, you work through this book you will le"arn how to investigate 
children *.s> understanding of order relations and anailyse your findings 
according to^ the methods of structuralism.' This way of looking at thinking 
takes the observer beyond exploring facts that children may or may not 
know andi-focuses instead on the underlying pattern or organization of, 
children's thinking. As you learn to detect this pattern, you will find 
that what clxi Idren know is not simply less than what adults know,^it is^ 

fundamentally different; and what children of the same stage know is .. 

' ■ ■ . ^ ■ *■ 

fundamentally similar. ' . ' " 



2. Piaget^ Jean,. Structuralism . , . 



Piaget has argued ^that chi Idren * s understanding of physical causali'ty, 
numbers, time., movement-speed-distance, probabil ity, spatial relations, 
and geometry is also tied to a developing understanding of order relations. 
The organization and .understanding of a series (which is what Piaget means 

by the expression "order relations"), partially describes the organization 

3 - ■ ^ . 

of all forms of systematic knowledge. 

The Introductioji to this book provides a brief description of Piaget's 
theory and some information about Piaget himself. In addition, it gvves 
an overview of the ECT series and its relationship to Piaget's theory. 
Chapter 1 introduces the topic of order relations and the characteristics 
of its development. ■ Chapter 2 involves working with children to explore , 
their understanding .of order relatiiDns. 'Chapter 3 provides, a more detailed 
and theoretical description of the development of order relations and the 
means of keeping records on the skills c^nd stages of the children you work 
with. Chapter 4 presents a number of additional activities to further 
explore children's understanding of order relations. Chapter 5 provides 
a brief discussion of the educational significance of what you have learned 
about children's thinking and Piaget's theory. The Appendices contain 
some materials that can be used in seriation activities, a transcript .of ,^ 
the videotape on order relations, and a list of resources for further 



3w Flavell, J. H. , The Developmental Psychology of Jean ^Piaget . 

Piaget, Jean, The Psychology of Intelligence , . 

Inhelder and Piaget, The Early Growth of Logic in the Child . • 

These works describe the various forms of classification structure 
as,. well as the structures of relations ( order relations ) > 

xiii 



exploring not only the topic of order relations but much of Piaget's other 
work, and. the relationship of this work to educational process. 

Now that you have'a better sense of what this book is about, we can . 
suggest ways it might help you as a teacher. For one, you willlearn to 
look at children.'s thinking in a way that reveals its underlying, prgah- 
izatioa. You will come to^ appreciate the differences between how you and 
the child view the world. ' You will learn how to epgage children in 
enjoyable activites that allow you to assess their developmental level. 
You will come to see similarities and differences between children of 

> . . . ^ 

the same age, and to find the tiViderlying causes 0/ some of the difficulties 
children may have with their scljoolwork. Ideally, you' will be better able 
to help children .reveal their . inner thoughts, and be better able to 
understand the nature of these thoughts. . It is. my hope .that you find 
this exploration rewarding. . ^ 

K.R.A.,- 1975. 
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INTRODUCTION 

PIAGET THE PERSON* 



This book is one of a series of thr?e dealing vn'th Piaqet's study= of 
children's thinking. We selected Piaget*s work as our focus because to 
date he has provided the most complete description and theoretical account 
of mental development in children. 

Jean Piaget was born in Switzerland in 1896 where he has spend most 
of his life and continues to work. At twenty-two he received hi^ Ph.D. in 
biology (a field in which he first published at the age of ten) and soon 
began work in the laboratory of Simon Binet, one of the founders of intelli 
^gence testing. While pursuing studies as a biologist, Piaqet was develop- 
ing a dominant interest in know . He began to view Its acquisition 

not as a set of facts and experiences, but rather as an evolutionary pro- 
cess-^^^n which knowledge was an outcome of how the mind organizes mental and 
physical activities. .He proposed that the manner in which activities, and , 
experiences are organized noes through a series of regular steps or stages. 

His early work in Binet's laboratory provided him w^th much informa- 
tion on the thoughts produced by children. He noticed regular inaccuracies 
in their -thinking that were" gradual ly. el iminated with age. On the basis of 
three papers describing these common inaccuracies, Pianet at the agp of 
twenty-fiv'e was made "director of studies" at the .Institute J.J. Rousseau 
in 'Geneva. He continued his work at. the Institute until 1940, at which 

time he was named Director of the Psycholc gy Laboratory at the University 

\ • . 

4. This Introduction appears in .ea.ch book in the ECT series. 



--of Geneva. - J\1ong -w-i th- numerous other posts- -a nd-du ties ,--Pi-aget.-is -presently.- 
the Director of the International Center for Genetic Epistemology (Genrva), 
whi ctH he— founded -in 1956. _ . 

Throughout this more than. fifty years, Piaget has been incredibly pro- 
ductive. He has produced:.. wel 1 over two hundred works investigating numerous 
areas of human know*^edge. He has virtually mapped the donidin of intelli- 
gence from birth to late adolescence and has brought his.nearly endless ob- 
servations into a theoretical perspective drawing from logic, mathematics, 

physics, biology, psychology, and. computer theory. 
» .. .. 

g PIAGLL'S VIEW OF KNOWLEDGE 



Piaget' s "theory hai evolved in response to questions asked throughout . 
history: "What is intelligence?" "How are universally true ideas derived?" 
"Is Knowledge really no more than memory?" As the science'' of psychology 
developed, it addressed these issues, yielding two views. The first holds 
that we are born with particular ways' of organizing experience, and that 
knowledge reflects these inborn patterns of organization. The second view 
is the behavioristic one that has dominated American psychology. It holds 
that knowledge j*s a copy of reality and/or learning from others. Piaget 
> has brought a third view to bear, one that strongTy suggests the inadequacy 
of' the "inborn" and the behavioristic "copy" theories of knowledge. 

As a biologist, Piaget formulated his view around three elements: the 
organism, ttie environment, and the interaction between the two. 5 From these 

5. .The term "environment" refers to those" things that are outside the > 
organism tJ'ut which affect how the organism functions. -> ' 

xvi 



beginning elements come two biological processes that result in change. ■ 
One is the' process of acting on the environment, which is-the same as in- 
corporating the environment into actions; Piaget calls this "assimilation" 
of the environment to -the- organism. Grasping objects, recoghizing a fami- 
liar object, and cooking dinner are ways we act upon our environment. The 
other ^process is an alteration in the oVganization of actions as-a result 
of their use. Piaget calis this "accommodation," or the adaptation 
of actions to the environment. l.earning to grasp differently, finding out 
that something is different than -ejcpected , modifying recipes for a meal are 
examples of how actions are modified through use. "Assimilation" and "ac- 
commodation" make up the dynamics of life-- all life bfeing a process of act- 
ing on or taking in th'e environment ^with resul ting chan\|es in the actions 

themselves and^tfteir organization. 'Changes in the organization or structures 

'■*•' . -■ . » ■ * ' . 

• ** — . 

underlying actions can be viewed as evolution or development. . * 

" Piaget s'ees knowledge as based in biology. He suggests;^ that the/Under^. ■ 
lytng process, by which an organism comes to survive i:S the saipe as that by 
which man can arrive at objective knowledge.^ In both instances the process 
is composed of the assimilation of reality by' the organism and a resulting 
change i-'n the structures that assimilate. Mathematical thought and primi- 
tive biological processes are both based in action systems . The difference 
is one of the degree of devel Spment of those systems. 

STAGES- OF DEVELOPMENT 



Piaget is probably most widely recognized :for his theory that children's 

.6, Knowledge that is universally accepted as provable .and true. • 

• - ■■ . . xvii • 

■ ^ - ' 18^ 



■ "'-'inking advances through a series of distinct stages. The essential as- 
pects' of a stage theory are that ea~c¥ n1eW~s'tFg~e f^^^ 

upon the completion of earlier stages, and that the. sequence of development 
is- tne same for everyone. Piag^t describes a stage in terms of how a 
child's thinking is organized, /fhe thinking in earlier stages is less well 

"organized than in later stciges. . * * 

Piaget'and his co-workers in Geneva. ^and a large- number of researchers 
in other countries, have shown that children's thinkin_g in a wide range of _ 

..knowledge areas goes through a similar developrhental pattern. This pattern 
is described by four major periods. During the first two years, the sensory- 
inotor' period, chi'ldren progress through si.x distinct stages of intelligence. 
A seco.iu bruaJ p^t^ind. the pre-operational period, generally l^asts be^tween - 
two and eight years of age. Dur4ng this period, children develop thei^ 

/ability to represent reality with language, imagery, pi ay , ,drawi ng , etc., 
and develop fn their understanding of reality. The next. period Vs the con- 

.crete-operational stage, during which. children develop logical structures' 
(from the^ adult 's view) and apply' them to a systematic understanding of a 
wide range of problems. By early .adolescence children enter the formal 
operational; period, considered to be the highest level of mental organiza- 
tion. - „ 
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It is important to keep in mind that the age at which a child enters 
or..leayes„a_ sta^e^ i^^^ ^^^^Jl^r^P of the same, age 

may be in different stages of development. What is so far shown. to be true 
of air children/is that all children go through the same series of stages , 
although not all children progress beyond; the concrete-operational %tage. 

AN 'example of stages IN INTELLECTUAL DEVELOPMENT: " • 

CONSERVATION 

' One of the more familiar aspects of Piaget's work is the study of con- 
servation.- .As . adults, we'^iT'ecognize that a given amount of something does 
not change when only its shape has changed. For. example, if you pour a 
tall glass of wite'r into a short fat one, you know that the shape of":the 
water/may change, hat its .amount remains the same. This is- called conser- 
.;Vation.7 Conservatiori' is assumed* by adults for anything that tan be thought 
of in 'quantitative., terms: a quaritrty of clay, a measure of distance, a unit 
of weight, a^^number of objects, a unit of volume, and so fort hj. 

Piaget and numerous ■ researchers throughout the world have} shown that 
all choildren progress through the same sequence of stages in their under- 
standing of conservation. Children in the pre-conceptQal stage always 
think that changing the shape or arrangement of objects changes their 
amount. Children in the next stagp believe that quantity is conserved ^ 
under some circumstances, but not others , By the concrete-operational \ 
stage, children firmly believe that changes in shape, arrangement, 

^7. :See The Development of Quantitative Relations , Part 3 of the ECT unit- 
— a unit of the FLS ' ' . . 



and appearance do not change amount. Furthermore, all chii-dren conserve 

sub^stance (amounts of tlay, rice., water, etc.) before they conserve weiqht 

(understand that th^ weight of something does not change when its shape T 

changes); and all children conserve weight before they conserve volume 

(understand, for example, that a quantity of clay will displace the same 

amount of water even if the shape, of the clay is changed): 

* *» 

THE SOURCES AND DlRE'cflON OF INTELLECTUAL DEVELOPMENT- 

, Although conservation is only one of many areas of knowledge examined 
by Piaget, it provides a focus for discussing his theoretical views on how 
knowledge is acquired. . ^ 
— ~— Ft— has-been-wdely under-stood-_tlia.t.^memor4^,_a.s5.oci.dtlon 
experience and another,. -sensory impressions, trial^ and eyrror learning,^ and 
imitations of others, all play a VoTe^in, thought and affect what we learn. 

J^owever, each of these, singly or in .'concert, cannot account for what Pia- 
get and others have found to be- true of ..children's intellectual development. 
For example, the fact that children think an amount of liquid changes when 
it is poured, cannot be attr^ibuted to a f^oor memory, to experi'^ence^ or to 
the teaching of others. While it is surprising to find children .snaking 
such judgments, all chi Idrfen . thi nk this way at some point in, their deve'lop- 
menlf. " ■ . ' ' ^' ' , « 

On the other hand, all children eventually come to know that amounts 
ar_e» conserved, and they do so after passing through the same sequence of 

'^eaK^er stages. WherT'asked why an amount of liquid stays, the same when .4t 
is poured into a wider container, the conserving child almost universally 
gives one of xjie following arguments: "Nothing was added or taken away, so 
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it's still the same." "The water is now wider than before, but it is al-s-o-^- 
' not as tall." "You could pour the water back into- the glass and it would 
be. the same as before." These are logically precise arguments for why tlie 
amount has not changed even though it looks different. The question natur- . 
ally arises as to how children come to reason in such systematic terms. ' 
..^.J^^J]}^^ arguments given by children for why amounts are conserved provide 
the basis for suggesting some of the likely and. unl ikely sources of object- 
ive knowledge.. For example, consider the argument that if nothing" is added 
or subtracted, amounts stay the same. It's easy to imagine that such. a prin 
ciple might bi^ taught, or that it might be experienced through counting ac-^ 
.tivities. However", it is well known that it is virtually impossible to • 
teach thi-s principle to . pre-conceptual children; also, children in the in- <> 
tuitive Stage either already know or can be taught this' with fespect to 
counting, but.they do not necessarily apply the .principle to other area?: of 
-conservation, such as substance and length. 8 Furthermore, all. children 
arrive at an understanding of this principle irrespective of whether it is 
•taught. The intuitive child must be repeatedly convinced of its. truth, 
whereas children a few months 'older regard it as an obvious fact of nature. 

Children who spontaneously understand that amounts do not change .when 
nothing is added ,or subtracted may jus.t as easily .express the argument that 
liquid poured, for example, frorti a tall- narrow glc^^ss. into a wide one is con- 
served, because the water level^ is now Icwefi but further around, or wider. 
This, expresses an understanding that changes in onp dimension (height) can 
be compensated by those i n" another (width) . At is unlikely that this prin- 
ciple of compensation was ever taught to most .chil dren who express it. 

.8. Sieqel , irving and Hooper, Frank, (Eds.), Logical Thinking In. Children : 
.* Research Based on Piaget's Theory . ' '^^^ ~" 

• " • • -^^ i 
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J Without measurement there is no way to tell that changes in one dimension 
compensate those in another, and the ability to measure, itself, follows 

rather than precedes an .understanding of cons'ervation. When children ex- 

* ''W. ■■ ■ ■ . , . 

press an argument of compensation as their basis -for conserving, they are 

simply expressing what they know must be true. As you wiTl see, the ar- . 

gument of compensation is an important clue to their basis fof ; conservinq. 

r — A third-argument .typical ly given is tha,t if a quantity changes in ap- 
pearance, there must still be the same amount because it can be changecTf , 
back to. its original appearance. Tj^i-s can be experienced directly. You 

« can pour a glass of water into, a bucket and pour from the^ bucket back into 
the glass and-^witness that there is as much water as when yqu started. But 
here is an interesting fact. While children may experience this from their 
first water play on, and while it may even be pointed out tq them, this ob'- 
servation does not lead them to conserve. It is not until very close to ^ 
the concrete-operational stage tha.t such repeated demonstVatioas lead to an- 

idea of conservation. And, again, children a few months older come to in- 

■ ^ ' . ^ " ■ " • . ' - . • " * ■■- •)/ 

vent thiv'P^inciple for themselves. ■ 

. ^ ft '. , * _ ' ^ - 

The above arguments suggest that an understanding of conservation does 
not result from* experience alone, whether that experience is manipulative 
and/or social.- Piaget has a^^gued that social experiences, pfj:/^;jical exper- 
iences and maturation (physical growth) are necessary to intellectual de- 
velopment.' But they alone are not sufficient '^to account for something as , 
simple and obvious to adults as conservation . / 

Piaget has suggested tWo additional faotojs that underlie the source 
and direction of Intellectual development. ^ One of these is the- coordina- 



9. Ripple, Richard and -Rocl^castle, Vern N.-' .(Eds.), Piaget Rediscovered : 
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tion of actions and the other is the tendency of this coordination to be- 
come, reversi ble . . ' 

The concept of a reversible coordination of mental actions is abstract 
and foreign to most of us. We can give some sense of its meaning by return- 
ing to the arguments given by children for conservation.^ One of the argu- 
merits is. that a quantity is conserved if nothing is^added or^taken away. 
The concept of addition is a mental activity of joining things together. . 
• Subtraction is a mental activity of separating. When it is understood that 
' subtracting amounts caVi exactly compensate adding amounts, then. these two 
* mental activities are in a reversible relationship to one anothier. Such a 
relationship makes it possible to reason that adding and/or subtracting 
lead to changes in amounts, and' that doing neither^ leaves amo.unts^the same 
or conserved . 'A simi l.ar -expression of reversible reasoning^is demonstrated 
. rn the understanding that changes in one dimension can compensate those in 

another. Clianges in height, for exam^pTe, are reversibly related to changes 
M*n width. It is therefore possible for an. amount to change in one way and 
stilL. be the same, because the first. cf}ringe is compensated by a second 
change. Reversible reasoning is lilcewise expressed; in an understanding 
that a quantity can be changed in appearance and then changed back to its 
original form.. - ■ " - ^ " 

Children-*s understanding of conservation and their supporting argu- 
ments do not reflect things that have t>een .taught or recorded". from exper- ^ 
ience. Unlike facts, experiences, or^" things taught, the principle of con- 
. : servation cannot be forgotten any more* than"* one can forget that one,'s bro- 
ther (sister) also has a brother (sister). Conservation 1s a product of 
reversible reasoning applied not just to objects, buj: to .actions upon ob- 
jects. and, rtiore importantly, to internal ' or. mental representations of 

^ " ^ ' I xxiii 
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actibi/sjL An understanding' that actions (adding, pouring, narrowing, length 
ening, etc.) can he reversed, .inevitably results in a conception of conser- 
vation which itself is central to all measurement and all conceptions of 
units. Numbers themselves are simply abstract represerjtations of units 
that can be counted^ arid separated. And at its core, a unit is no more than 
a conception of an amount that is conserved in spite of spatial displace^^ 
ments changes in arrangements, appearances, and so forth. ' An ability to 
conserve is evidence that a child has achieved reversible thought and Is 
capable of thinking of quantity in terms of units that can be measured. 

YOUR AMO^IAGET'S EXPLORATION ^ • 
OF CHILDREN'S THINKING 

By eiglit years of age most children begin to evidence dramatic changes 
in much of their thinking. Pia'get and his co-workers have provided a^^de- 
scription of tha^e changes in a wide range of -areas and have proposed that 
the emergence of reversible thought is a primary factor in the nature of 
these changes.. 

Thg majority of Riaget's work has concerned '"objective knowledge:" 
knowledge that 1s subject to proof through agreed-upon arguments. For ex- 
ample* one can prove by the agreed-upon argument of .counting, that eight 
blocks will remain eight blocks^ even if-^their arrangeiDent is changed. 
Theris is a range of similar problems ttiat conce..n. areas of quanti tati ve - 
reasoning other than conservation. Some of these are: time, speed-dist- 
ance-movement, probability, proportionality,* geometry,, density* force, pres- 
sure, and velocity. ' 

In" Part 3 of this volume on Exploring Children 's Thinkinp. (ECT) we* 

1 ' ' xxi V ' 



focus on children's developing un^erst^anding of the conservation of number, 
substance, and length; measurement of distance; and the relation of time 
- sp^ed and moverfient.^ Part 3 consists of ajearning unit containing guide- 
lines for exploring children 's quantitative thinking and a 30 minute video- 
tape demonstrating the methods of i nvestig^tion . and the developing charac- 
ter of quantitative thought betweer> four and eighT^years of age. 
^ Other subjects investigated by Piaget are not ^concerned wi th quantifi- 
• cation. For example, Piaget. has studied the understanding of space from": 
early infancy to late adolescence. At some ^points an .understanding^ of 
space uses quantitative concepts- and at^other points it doe's not. For ex- 
ample, geometry uses 'units to describe space. Aj^uare contains four equal 
straightf 'lines connected at end points to form an 'enclosed space. The con- 
cepts "four" and "equal" are statements about units and are thus quantita- 
tive. However,- space can be described without units.- For example, the 
notioh of an "enclosed space" does not use any quantitative units/ 

Part 4 of ECI concerns Piaget's investigation of developing spatial 
concepts in children between four and eight years of age. Again, we see 
the same stages as revealed. in quantitative thought. Part*4 consists of a 
videotape demonstrating the methods and resul-ts of interviewing chijdren 
between four and eight years of age on t"he1r concepts' of straight lines, 
left-right and. foreground-background orierTtations , .and horizontal spatial 
orientations as demonstrated by the surface of a liquid. 

Piaget argues that the similar pattern of stages in quantitative and 
spatial reasoning- results from the'general underlyi.ng tendency of mental^ 
acti.vtty. to become increasingly organized and' reveKfible. ' He has 'attempted 
>, tQ:^ analyze, in t erms of reversible dassifying and sequeriting activities, 
:^aTl that he has derrionstra'ted in spatial, and quantitative reasohihq, as wetT 
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as oAher areas such as causality and genealogical relation s, 

' '. ^ " ' ~^ ■ . 

In Parts 1 and 2 we explore the development of classifying and sequenc- 

ing in children between four and eight years .of age. Because of the import- 
ance attributed.^by Piaget to these two topics, we ^^ve provided a book for 
each. Part 1 presents a detailed description of the developing understand- 
ing of classification and how to explore this development with children.. 
In Part 2 we likewise treat ordinal relations, or the logic of sequences. 
..Each book is accompanied by a 30 minute color videotape. 

The topic of classification ...concerns the coordination of judgments 
about. how objects and events are similar and/or different, and..the- logic of 

some and all^; For-^eXamplev alT cats 'and dogs are animals. Because all of 

the .cats are' only some df the ^animals, there are logically more animals than 
cats. Piaget argues that the logic of classification is based.up'oR a rever- 
•sible coprdinatien betwefen combining and separating activities; and that - 
prior to the concrete-Operational stage, this reversibility is absent, giv- 
ing the young child's concepts 'ah" illogical- '.appearance.' However it is 
wrong to. call the classifToation'o'fj;pre-operational chi Idrerf illogical . It 
is different from adult thought, yet systematically organized and consistent 

in its applicatfon. ' V - 

The second topic, ordinal relations, concerns how childrefi coord-inaT:e' 
judgments about such things- as before-after, fi^st-next, less than-greater 
than, shorter than-taller than, and so on. Here, as wel 1 , there i s^ a logic 
as expressed in the following: If Steve' is o.ld^than'^ Leon, and Stevt^is 
^younger t^han Pete, 'then Leon .is the youngest. Piaget describes this logic 
as the ^reversal of relations such as:' If Steve is older than Leon, t'hen 
Leon is younger than Steve. • 

Piaget*s analysis of knowledge is complex. Some parts are more under- 



standable than others and some are more worthwhile to the practicing educa- 
tor. In this volume. on children 's, thinking we attempt to^ guide you in a 
first-hand exploration of part of what Piaget has .observed in children's 
thinkin_g. In pursuing the reading, interviewing, and discussion activities^ 
and by viewing the vicfeotapes, we hope to stimulate not onTy an apprecia- 
tion fbr the character of children's thiil1<ing, but a way o'f looking at 
thinking itself. ' ^ . 

As you work through this volume, you will gradually gain new lenses* 
^ through which' to look not only at children's thinking but at'-^ybxrr'm^fras we 
If this topic sparks an inf&rest, you will come to sense the broad pat':erns 

of . cormional i ty ' that touch'upon a wide range of^understandings . In another.- 

' ■ ^ . .. 

unit- of the Flexible Learning System we hejp you prepare for exploring 
children's concepts in general. 

Educators commonly ask about the implications 'of Piaget's theory for " 
education. We address this issue in the- concluding chapters of Parts 1 

* i 

and 2. However, a general view can be expressed qui t^"' briefly. Any signi- 
ficant educational impl i-cations from Piaget's theory are to ultimately be 
decidedvby educators^ho have come to experience, the character of reasoning 
revealed by Piaget's methods. To translate Piaget' s. theory to educational 
prescription .must be preceded by an appreciation of what he has. discovered. 
This is the function of the ECT volume. ^ ' 
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CHAPTER I: 

AN INTRODUCTION TO ORDER RELATIONS 



WHAT ARE ORDER RELATIONS? 



; J When- we-speak of .order relations we are. essentially talking about the 

relationships that hold between the elements of any series or sequ^ence. A 
series is an^ conception in which the elements are organized so that they 
precede and follow one another in the sense of, "first, second, third, 
next, and last . 

* Order relations are involved 2nJ,he^iTBntal -organ iTat ion both of 

-objects 'arid" events. For example^ objects can be organized in terms of size 
(shorte'st, next shortest- . .tal lest), or .color (dark reci, medium red, light 
red), weight (heaviest, next heaviest. . .1 ightest) , age (oldest, iiex.t. " 
oldest. . .youngest) , location^ (closest, next cl osest. furthest) , or even in 
terms of how much one likes something (favorite, next favorite, least 
favorite). The nature of objects has no direct bearing on order relations. 
A group. of stick? of various lengths might lend themselves to being 
arranged in a series from shortest .'to , tal lest, but they could just as 
easilybe -placed' in. a series of physical location, such as "furthest from 

^my right shoulder, next furthest from my right shoulder. . .furthest from my 
left shoulder." Order relations are simply relationships of order imposed 
on objects or events by the organizing mind. 

All events and -experiences- can he ordered- in time. , For example. 



sensations, ("I felt terrible, then I felt a little better, and in a few 

days I was back to my old self.")* or actions, ("The man opened the door, 

entered the room, and started reading the menu."), or natural events, ("The 

, caterpillar emerged from the egg, ate some leaves, made a coc'oon, turned 

into a butterfly, and laid some eggs,")., all involve a sequencing in time. 

Our^ understanding of time and other order relations is the result of an 

active mental construction. Piaget's work shows that the child's under- 

\ standing of time goes through a course of mental development parallelto 

/'^that of order relations, classification, ^and all other areas that have been 

11 

^ simi larly studied, 

\ It is important to distinguish between units of measure and order_ ^ 



relation's, per "se7""'Ari conceptions of measurement involve order relations, 
b^ut order relations do not require the use of units. "I Tike this painting 
the best of the three,"' is just as much an order relation as the" statement 
"This box weighs 10. lbs.-, this one 30 lbs,, and the third one weighs 35 

lbs/' Order relations do not concern measurement, but rather, the order of 

.\\'''. ■ ■ . 

elements in a sequence. Of course, the apt of ordering may draw from 

measurement, , For example, by measuring their exact weight, I might place^ 

omects ih a series, but I could just as easily create the series' simply by 

conparjing appropriate pairs to see whtch feels the heaviest. Of course, 

measurement is impossible without an appreciation and use of order 

\ ■ ■ ' ' ■ ' ' ' 

re'ations. " • " 

In 'our discussion of, class relations (Part 1 of ECT) , we showed that- 
classes cio not exist in isolation. To say that something belongs to a ^ 
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class requires- specifying at least one property or dimension by which 
objects can be comparjed^* and reasoning about how, on the basts of this 
property, some object? are similar and others are different. For example, 
focusing on the dimension of color, we can put red things together to form 
a clas;5 because they are similar to each other and, et the same time, 
di^fferent from things that are not red. A paral lei .si tuation exists for 
order relations. An isolated object or event does not have an order. The 
construction of order relations requires comparisons among objects or 
events in terms of a Specific dimension such as- length, weight, location 
time etc. 

In the Introduction, we emphasized tM^^ 

through a number of stages between birth and adolescence.' The character 

of these stages is clearly revealed in children's understanding and use of 

order relations. In fact, Piaget has argued, that in conjunction with 

classification, order relations underlie the development of thinking in 
'1? 

ger^eral. The ability-to understand order relations is one of the 
trT;?f)erences between an older child and a preschooler. This difference is 
revealed in everyday situations. For example, an early pre-conceptual 
child (twb to three years of age) may try to drive a toy train under a 
bridge and, finding the train too large, go on to try an obviously lower 
bridge.- The child does not reason: if the train was too big for the 
first bridge, it'll certainly be too big for a smaller bridge. 

Many a parent has found his/her three year old expressing concern 
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about going down ,the bathtub drain. The toilet looms still more ominously. 
To the distress of plumbers and parents alike, children experiment to, see ^ 
what will and won't make it through. And observations that objects 

obviously smaller than the child will not make it, do not convince the 

■ ■ ■ •? • , 

child that they too are necessarily too big. An inquisitive 'child will 
step in to find out. ' ' 

Another expression of young children's inability to reason about 
.order relations is rfevealed in their inability to conceive of continuity. 
For instance^ the pre-conceptual child cannot understand that, pictures of 

a person from infancy to adulthood can be jn etudes of ^^t^^ 

They look different ancL. without a means of thinking -about changes in 
appearance over time, there is no reason to suspect they are pictures of 
the same person. Children: hold this view. while at the same time telling 
us that someday they'll be grown up and become like daddy or mommy. Yet if 
you show a three year old a picture of him/herself when they were a baby, 
they'll believe you only with suspicion. Th'e child reasons: "Hqw can I be 
me and at the same time be this baby?" . Th^ child does not reason that the 
picture was taken a long time ago., that later the child will look more 
Tike older children and later still, like an adult. Instead, the young • 
child thinks they become an adult without a necessary series of changes 
in-between. ■* " 



EXPLORING YOUR USE OF ORDER RELATIONS 

ACTIVITY 1: A Variety of Sedation Activities 

■ • ' •'c 7 

The purpose of this activity is to have you actually experience some 

of your own reasoning about order and sequences. There are a number 

of activities, each with its own follow-up discussion to be read after 

you've done the activity. You can do all or only some of them^and you 

can do them on your own, although they'll be more informative if you 

share' with others. 

INSTRUCTIONS FOR ACTIVITY lA: _ ^ . ^- 

Take at least 10 narrow objects of various length (at least an inch 
in length). You can use spaghetti noodles, strips of paper, used 
pencils, kitchen utensils, etc.: Arrange them in a series from 
shortest to longest. 

FOLLOW-UP TO lA: 

Your series was probably not composed of equal units of distance 

.■> 

between each successive object in the sequence. That'is, unless you 

managed to get a very specially constructed set of 10 objects (such as 

13 

Cuisenaire^Rods or unit sticks), your series was probably uneven . 



l3.--.Cuisenaire;Rods are color coded sticks increasing in length by 

equal amounts, ' - 

. . ■ 5 . 
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"NonetfTeTess",^^^^^ arranged so that each successive, member of the 

series was taller than qJI those befare it, then it was a true series and 
you most likely used a logical understanding of order relations to 
construct it. As ve said earlier, order relations are not dependent upon 
measurement or conceptions of equal units. But when the objects are uneven, 

s 

it is more difficult to seriate them because you cannot use the appearance 
of the series to judge whether a stick just added to the series is too 
tall or just right. . 

One last point.. You might have: found that some of your objects were 
very close to being the same length. In order to find out, you were 
probably careful to match their ends. As you will see in Part 3, young 
children do not do this when comparing lengths and do not. develop consis- 
tent notions of length until the concrete-operational stage in middle 
14 ^ ^ 

childhood. 
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INSTRUCTIONS FOR ACTIVITY IB.: 
\ Suppose you started on page 48 of a book and you finished reading page 
58. How many pages did you read? • 

Do this in your head. Now turn to page 48 and count how many pages ' 
you would have read when you finish reading page 58. . 

FOLLOW-UP TO 'lb: (read after completing IB) ■ ' 

If you are like most people, you probably used arithmetic to come up 
with 2£ pages when you did it in your head and Vl^ pages when you actually 
counted the pages. This problem requires a coordination between order 

•relations ^nd counting. You count page 48 as one page, then continue to 
coDn.t until you get to page 58. At this point you haye read the ten pre,- 
ceding pages. Counting page 58 gives you eleven pages altogether. The 

■decision you have to make is whether a page number stands for having read 
up to that page or having read the page. 



48 
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While this problem is difficult to understand when expressed in words, 

children in the. concrete-operational stage show that they can coordinate 

. . ' 15 
counting and order relations. The reason adults typically fa i1_th.is — - 

problem Is because of its abstract presentation-,-and bacause-aduTts are" * 
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quick to use an arithmetic solution' without considering whether they 

are counting the last page as read of not read, • ^ . — . 

INSTRUCTIONS F^R ACTIVITY IC: 

.Cut up 20 different length strips of paper. Select half of them by 
chance and. put X*s on them. Now arrange the strips so that the 
longest strip with an X on it is paired with the longest strip without 
an X, and so on, until the shortest strip with an X is paired with the 
shortest strip without an X, 



FOLLOW-UP TO IC: (read after completing IC) " ' 

You probably solved this problem by using an understanding of order " 
relations. You might have .begun with the longest strip with .^n X, paired 
it with the longest strip without an X, then selected the longest remaining 
strip with an X and paired it with the longest remaining strip without an 
X, and so on. This seems like an. obvious way .fo^ proceed and you know that 
it will work. While you might not have proceeded in exactly this fashion, 
if you solved the problem yo.u did something that is structurally the same, 
JJiM„LS>.„u$ln.g....th.e._.sameJ "bvder relations as those involved in our 

example. Prior to the concrete-operational stage, children do not yet 
coordinate order relations, and cannot solve a problem like this. ' 

INSTRUCTIONS FOR ACTIVITY ID: 

This activity is like playing sol itaire with a "fixed" (Jeck. You- have 
to think about three piles of cards (A, B, C). The goal is to get 
all the cards from pile A onto pile C in a serial order. '' 



B 



9 








♦ ♦ 
♦♦♦ 
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SET TING UP THE PROBLEM : . , ■ 

You use 8 cards (2-9). At the start of the activity, pile C has only 
the 9. card in it (face up); pile A has cards 2-8 face down; and pile 
B does not yet have any cards. 

The next step is to turn over the top card in A and put it in pile B 
(face up). : 1^ 



C 



9 




























6 



A 



If the card you turn over is. the next smal lest,. number of all the cards 
in pile C, then you can put it on top of tKe C pile, e.g., an 8 on 
the 9, a 7 on the 8, a 6 on the 7_, and so on.. If a card from A will 
not go onto pile C, then take another card from-pilejA and repeat this 
process until you haye gone through all the cards irt A. f^ny card put 
face "up in pile B can go to C if it is the next smallest number. 

FIRST GAME: AN EXAMPLE ' ^ 

Start with the following "fixed deck" for the A pile. Put the 
cards in the order 2, 3, 4, 5, 6, 7, 8, so that the top card is 
the 8. Now follow the procedure outl ined above. 

^ - ■ ^ ■ ■ " ■ 38 - ; ■. ■■ . 
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SEC OND GAME ' ^' * - . ' 

Think pf another way you can order the cards in the A pile so 
that you can get them all on the C pile in serial order -by 
/ following the rules. If you can think of two that's good, three 
is gr^eatj and more is super. ., 



THIRD GAME \- ^- 

Think' of ei way you can order the cards in I'.he A pile so that it 
• is impossible to get all the cards onto pile C if the rules are 
fol lowedC^ Explain to a partner why it-^ couldn't work. ' 

■ i'^- . ■ ■ ' 

FOLLOW-UP TO. ID: (reld 'after completing ID) 

Here are two other possible orders for the A pile 50 that^the game 

will work: a, 7, .6, 5, 4, 3, 2 with the. 2 card being the first c^rd placed 
* 1 ' 

on the B pile. Try th^ game with'^this order. If you compare it to the A' 
deck used in the first ^pame, you'll see that it is exactly the o^osite 
order. In the first gai^e, all' the cards go directly from A 'td pile C, 
whereas with this order,; they stack up in B and then go to'C. . • ' - 

'A second possible order for .the A deck, is: 4, 7-, 8, 6, 5, 3, 2 with 
the 2 being the first card to turn over. T,ry it out. Try the cards in the 
same order, but this time make, the 4 card the first card to be taken off. 
Does it work? Can you invent any other possible orders for the* A deck^so 
that it will . work? Here is an order that won't work: 7, 6, 8, 5, 4, 3, 2, 
*with the 7 being the top card. Notice tha.t it work^ if the 2 is on \op. 
Can you invent any other possible orders for the A deck that won*t work? 

INSTRUCTIONS FOR ACTIVITY 1^^^: 

■< Tom is younger than John, Tom is older 'than Lynn. Uho is the oldest? 



.OLLOW-qP TO IE: (read after completing IE) 

Because we understand order relations, we know that the answer is 
John. Because Tom is younger than John anc| older than Lynn, then Tom '•s 
in the midc|le. And since John is older than*- Tom,- John must be the oldest. 

The following is a mathematical expression of these relations, using 
the synlbol {<}.for "less than'*'<and^ ( > ) for "greater than." 
Tom is"^. younger than John: T < 'J . 
Tom is older than Lynn: T > L 

(which is the same as .saying that Lynn is younger than Tom: L < T) 

The fact that Tom is younger than John (T<J) and Tom is older than 
Lynn (f>L) means that John is also older than Lynn (J>L); or, (T<J) .+ 
■ (T>L) = (J>L) . 

DISSCUSSION.OF ACTIVm 1 : 

All of the above 'probl ems and tasks require a coordination of order: 
relations. ^^In some, the order is based on the relative length of . the 
elements in the series, in others,, it concerns numbers that represent a 
series, and in the last problem it involves order based upon age. What is 
common to the problems, "is that ^rl 1 involve crder in the' sense of first, 
second, third, artd.so on. An equally valid way of tal king.ab.out order 
relation6 uses the expressions "less-than" and "greater-tfian." 

The* importance of order relations does not lie in the child's ability 
to organize ob-jects into a series, but in the very nature of reasoning 
itself. Order rel ations are involvedin conceptual thinking. Some form of 
sequencing is involved in' all reasoning or thinking. And, of Course, many 
concepts 'are directly concerned wicth order. Think of all tf^ forms of 



knowledge that draw upon notions of more-less, before-after, greater than- 
- less than, etc. A'll conceptions Of time, distance|, amounts, measurement, 
causality and space, for example, depend upon the use of order relations. 
And even at the. sensory-motor level, rail actions are carried out in a 
sequence. As the child develops^ the capacity to understand the relation- 
ships implied by a sequence, s/he, at the same time, develops the capacity 
to regulate activity, to anticipate outcomes, coordinate activity to reach 

goals, and in essence, conduct the .business we call thinking. 

I ■ " . a" . . 

. ORDER RELATIONS (SERIATION): STAGES OF DEVELOPMENT" 

For the remainder of this book, we'll use seriation tasks to inves- 
tigate children's understanding of order relations. In seriation problems, 
children are asked to arrange objects in a sequence or series and are 
questioned or provided with additional problems to. explore their under- 
standing of the relationships among elements of the series!. * The following 
is a brief introduction to the characteristics of three stages of reasoning 
in. children between foui- and eight years of age. 

Pre-conceptual Seriation (generally four-five years pf age ) 

Most children between four and five yecirs of ^ge are.still in th^e 
pre-conceptual stage of intellectual development./ The pre-conceptual 
stage is a long stage, emerging somewhere ardund/two years of age and 
generally lasting to about five years^ of age. /Children must first pass 
through earlier stages or ways of thinking before arriving at the pre- 
conceptual stage, 'and when they leave this stage, they always enter the 
next stage called the intuitive stage^' There is, however, no. absolute 

13 , ^ " - . • 
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relationship betv/eeri the age of a child and the stage s/hu may be 1n > 

The pre-conceptual child does not have a stable understanding of order 
relations. For the most part, a four-year old can compare opposites like 
above/below, up/down, older than/younger than. Given two objects of 
different sizes, s/he can say which is bigger o,r whicii is smaller. What 
the pre-conqeptual child cannot do, however, is coordinate relations among 
more than two elements. 

Let's imorir.e a tSsk in which ^a child is given Indifferent length 
sticks-.to.be arranged in a series. All the sticks are of tTie same coloV^ 

and large enough to.be comfortably handled. Furthermore, the difference 

" ' . 16 

between each successive stick is large enough to be easily detected. 



C" 



After becoming familiar with the materials, the child is asked to 
arrange the sticks in a, series from shortest to longest. To help the child 



16, Piaget criticizes the use of Cuisenaire Rods (color coded sticks 
increasing in length by equal amounts) because of their small stze and the 
color coding which leadsvchi Idren to order on the basi-s of "memory rather 
than reason. * • 

14 . • P_ ■ , 
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understarjd what is expected, the interviewer may give the child examples 
or nelp him/her arrange a short series. . ' 

Children in the pre-conceptual period are not able to construct ah 
ordered series and instead, product approximate imitations... 

'Here are sonle examples of the types of series constructed by children 
in the pre-conceptual stage: 
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There are a number of significant points regarding these three 
examples : . , 

... 1. Each shows sticks arranged in an approximate series. This 

indicates that the child has some understanding of the concept? . 
"shorter than" and "longer than", since the sticks at one end 
generally appear shorter than those at the other. 

2. In examples A and C, the. child disregards the actual length of 
the sticks as illustrated by the uneven bottoms-. ^ • 

3. In none of the examples does the child achieve an ordered -series 
from shortest to longest. 

4. In all three examples, it's as if the child were constructing an 

approximate picture of one or more series. In this respect, the 

series have a^graphic character similar to the "graphic 

collections" formed by pre-conceptual children in response to 

17 • 

classification tasks. 

.. . 

The results of a child's efforts are only partially revealing. The 
real character of pre-conceptual seriation is shown in the process of 
construction. The following is an example o^how,j_p_re-conceptual--chi;Td 
might^go about constructing a series. After determining whether the child 
knows which of any two sticks is the "shortest", for example, s/he may be 
asked to "put the sticks in order so that the littlest one is here, then 
the next littlest, all the way to the tallest one: like this (pointing to 
an example of a series)." The child may proceed by selecting a short-* 
looking stick and continue by selecting another short-looking one, as if 
s/he were thinking, "I'm going to. tine up the short sticks here." 

1 7 See Part 1 of ECT: The Development o f Classification . 

/ — • ' 
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Now, if a child were to systematically pursue this approach, s/he 
wouldi in fact, construct an order series. But the pre-conceptual child's 
approach is anything but systematic. For rather than being sure that each 
successive stick added to the developing series is the shortest stick 
remaining in. the pile, the child simply adds one that looks small compared 
to the remaining sticks. 

As a result, the series is either not composed of progressively 
taller (shorter) sticks (example B, p. 15); or forms a progressive series, 
but at the expense of disregarding the actual length of the sticks 
(examples C and A); or is composed pf a number of small series (example C) 
In some cases, the child leaves a remainder of sticks that do not visually 
fit at the end{s) of the developing series (exanpleA). In -short, the 
child proceeds as if all the sticks are either big or small , but not 
necessarily with respect to^compamsons^amoung-a^^^^^ in 
the developing series or those remaining to be considered. 

The pre-conceptual child has no way of considering a relationship 
among only one stick and all the'^others. The concepts "biggest-smallest" 
or "shortest-longest"., are reduced in the pre-conceptual child's mind to 
"big-small" or "short-long". It is not. that children in this stage have 
.not been taught the meaning of the words "shortest and tallest". It's * 
simply that a consistent conception of "shortest-tallest" requires an 
ability to consider at least one stick with all the others, and this is 
what the pre-conceptual child cannot, do. For the pre-conceptual child,. a 
series is not guided by a systematic comparison of sticks, but rather, by 
a "mental picture" or "graphic representation" of what the child sees. 

" 18 ' 
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What s/he sees are sticks, some of which are big and sortie of which are not 

Intuitive Stage — Trial and Error Seriation (generally six-seven years of 
ml 

Most children between six and seven years of age are still in the 
intuitive stage of mental development. During this stage children can 
construct a series by trial and error, and have developed the ability to 
compare one stick to all the others. As a result, the concepts "shortest" 
or "longest" take on a more precise meaning than during the earlier stage. 
However, v concepts are considered separately and- not as opposite and 
reciprocal terms. That is, the child does not coordinate judgments of 
"shortest and tallest". with an understanding for example, that if the 
shortest is taken from p^le A and put into pile B, it becomes the tallest 
stick in B.- : 



The shortest stick becomes the tallest 
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The intuitive child constructs the series with a concern for either 
the concept" "shortest" or, "tallest", but not both together . In other. ^/ 
words, the intuitive stage child still does not think in terms of the . 
tallest stick in the developing series (B) as the shortest stick if 
compared to those remaining to be put into the series (A). As a result, 
children in this stage proceed in a trial and error fashion. 

For example, if the child, starts out building from the shortest'to the 
tallest, s/he will probably start with the shor-test stick and then add a 
stick that is taller and so on, being sure that'^each added stick is taller 
than air those already in the series. This approach generally leads to 
errors, because there is no immediate way to know how much taller this, next 

stick should be. The child is focusing on the fact that the series should 

i» - - 

go up, ^d_thus_each-added-s-t-i;ck-must'&^^^ than all those before it. 
But as a result, the developing series is likely .to run into problems , such 
as none of the remaining sticks being taller than all those already in the 
series. - 

The sticks remaining to be put into 

the series (B) are too short. - 



. A- LU-J- - L 
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^ The intuitive child generally corrects this situation by removing all 
the sticks in the series (B) that are taller than those remaining (A) and 
then starts again with a trial and error approach. 

The child often avoids this dilemma by basing judgments upon the 
appearance of "eveness"'in the series, and rejecting a stick that appears 
too tal 1 . 



1^3 _4 

Stick #4 is simply -'too tall" and -;s rejected by the child, whp looks 
for another stick that is taller than #3, but not "too much taller". Thus, 
by trial and error guided by appearances , the child eventually forms an 
ordered series of progressively taller or shorter sticks. But the 'under- 
standing of order relations has not achieved the level of organization 
characterizing the concrete-operational child's performance. 

When given a new stick and asked to find where it goes in an already 
constructed series, th^intuitive child has difficulty. The problem 
requires finding a place in the series where the new stick is both taller 
than those before it and shorter than those that follow. 



EKLC 
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Stirk B is both taller. and shorter 
than its neighbors — 



stick B is taller than A and, at the same time, shorter than C.^ 
Because children in this stage cannot coordinate shortest and tallest with 
each other, they find it difficult to insert new sticks into the series. 

jConcrete-Operational Seriation "True" Seri ation (generally starting 
between seven-eight years or age)>" 

^ The last stage to concern us, although the child's ability to reason 

\ ' ' ' J . ■ " 1 > ■ ■ V 

1 ' . ■ ' ■ 

about order relations continues to develop, is the concrete-operational 

1 . • ■ ■- ^ ' ■ ' ^ 

staqe. Most children between seven and eight -years of age show some char- 

acferistics of this stage, however, concrete-operational reasoning .is not 

fully developed until late middle-childhood, around 11 or 12 years of age; 

It is. important to keep in mind that the concrete-operational child does 

not work with order relations at the same level when they are verbal and 

abstract as when they are concrete and manipulative. . ^ . 

n^hildren in the concrete-operational stage seri ate (order) objects in 

,' . 22 
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a vidy that is essentially indistinguishable from the way adults arrange 
things in series. Seriation at this stage is characterized by the child*s 
ability to reason about how something is shorter than one thing andTat thfe 
same time, longer than something else. This coordination is an example of 
reversible thought. The concrete-operational child's use of reversible 
thought is clearly seen in how the child forms a serieS. 

Concrete-operational children generally proceed very systematically. 
They start with the longest ?tick in the pile, and then add the next 
longest'stick, and theii, the third longest stick, and so on until they have 
put all the sticks into a series. Younger children could- be led^to this, 
particularly if they, were given a great deal of training. But >;hat dis- 
tinguishes thjs reasoning of the concrete-operational child, is that s/he 
vnows with logical certainty that the longest stick in the pile of 
rernaining sticks, becomes the shortest stick in t^he developing series. 

^^metimes concrete-operational children, like adults, do not approach 
the problem this way: They might start the series and if they run into a 
problem, ti^ke findihg that a remaining stick will not fit on either end of 
the series, !\:|iey simply find the r^ight place inside the series, and put the 
stick there. -The intuitive child has a great deal of difficulty with 
inserting a stickXin the series, and generally takes the series apart or 
succeeds, more by accident than by a coordination of less-than and greater- 
than. 

The general patternXpr sequence of development as we have outlined it 
has been shown to charactei^ize children, throughout the world These 



18. Dasen, 19:^2. 



findings tend to support Piaget's' claim that expeiPience, in the specific 
sense of being taught how to seriate, is'not the underlying caus.e of this 



developniienfal pattern. Seriation ultimately concerns the^child's ability 
to reason about order relations such as "bigger- than/smal ler^ than, before- 
after, more-favorable/less^favorable, fi rst-second-third-etc. *It requires 
a coordination of . relations , an understanding that an element in the series 
comes after some elements and., at the same time , before others • The fact 
that thes-e coordinations.^ are not seen in children before the concrete- 
operational stage~fndi cates that chil'dren 's thinking about things . 

involving sequences is ve'ry differen±_:from that of adults. As we will see 
in Part 3, an inability to reason logically about order relations is 

accompanied by an inability to reason logically about. quanti tati ve 

19 

relations such as number, amount, lervgth, distance, etc. 



/ . * • AN INTRODUCTION TO INVESTIGATING SER-IATION 

c . ■ ' ^ ■-- 

A CTIVITIES 2 AND 3: Simple Seri atibn "Wi th Insertions / 

The p"urpose-jof-Activities 2 and 3 is to get you started in doing a 
seriation task with a young chi-ld. You will first role-play the 



g activity with an adult and then interview a child. 



19.' See Part 3 of^. ECT; The Development of Quantitative Relations: 
Conservation* 



fiAT£RIALS: • . . • . : 

Y'ou will need 10 sticks (or other objects) of 10 different lengths 
. (Set 1). The sticks should form an even series such as 2, 3, 4, 
11 inches. The sticks should be of the sanfe colo ' and material. 

You willAlsp need three' or four additional- sticks (Set 2) that fit 
""between successive sticks in Set 1. These can be of a different color 
than those in. Set 1. The following is an example: ■ . , . 

Set 1: 10 sticks (^2, 3, 4, 5, ^6, 7, 8, 9, 10, 11 inches in length) 
Set 2:. 4 sticks /(4 6%, 7 %j 9% inches in length). 
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ICTIVITY 2: Simple Seriation with Insertion (Interviewing an Adult) 



In .Activity "^2, you should carry iout the. task with an adult. This is 
practice for doing the same attivity with, a child- (Acti vity 3). 'The 
..'"^instructions .are the same as those used for interviewing the child. 

INSTRUCTIONS FOR- ACTIVITY 2: 

■ .1.* Use Fo^m A to comp3ete the activity. You will use the same form 
with the -children in Activity 3. 
2\ Put out the 10 sticks in'^Set 1 and mix them all up. Ask your 
partner to point to the shortest, stick, and the longest stick. 
TJien ask him/her to arrange, the sticks in a series. You might 
'say "I. want you t6 make a staircase going from the smallest stick 
up, . urttil -you' v.e used all the sticks." ;If this is not understood. 



20. See .Appendix A for directions on constructing Sets 1 and 2. 
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take three or four s^ticks and put them in order as an example and 

then mix them up again ancf ask your partner to do the task- ' • 

After yow partner is finished, . take out the four sticks in Set 2 

"Here are some more sticks. .1 want you to find where they go in 

the staircase." Give your partner one of the sticks and ask 

him/her to find where it. goes in the series. If s/he succeeds, 

give him/her another stick to insert in the series. ' 

\ . ' ■ • ' . 

Record the information asked for on Form A. 

Switch roles with your partner and have your partner interview 

you.' If you wish, you can role-play how you think a child might 

■ ■ ■ . ' I . 

proceed. 



ACTIVITY FORM A: Simple Seriav.ion anc^ Insertion 



Your Name: ' Child's Name: 



Date: . Chiljd's Age; 

.Name of Child's Teacher: 



f:/'- This form is to be used to complete Activities 2, 3, and 8 (pages 25^, 
29, 61) . ■ ■ ■ • ' • 
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Do (Conditions ) Say 

■ ■• • ■ ■ ■ , ' " ' \ 

Put out the 10 sticks (set 1) - HERE ARE A 'BUNCH OF STICKS. ' 

messed up. SOME ARE SHORT AND SOME ARE TALL, 

FIND ME THE SHORTEST ONE; FIND 

, ■ ME THE TALLEST ONE. 

Record child's responses. 



Describe, what the child does and I WANT YOU TO -PUT THE STICKS IN 

draw a picture of the child's series. ORDER SO THAT THE SHORTEST IS 

HERE. MAKE THEM GO UP FROM THE 
" SHORTEST TO THE TALLEST (give/ 

' • the child time to understand you 

and giye examples if necessary). 
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If child did not form a series, 
arrange the sticks for him/her. 



I'M GOING TO CHANGE THE STICKS 
LIKE THIS. .. 



Bring out the 4 extra sticks (-set 2). ^ HERE ARE SOME MORE STICKS THAT 

WE DIDN'T USE. I WANT YOU TO 
PUT THIS ONE (one of the sticks) 
WHERE IT BELONGS IN THIS ROW OF 
V ° STICKS. 

Record child's responses. 



/ 

/ 
/ 



If child didn't get it right, put the LOOK, IF. WE PUT THE STICK HERE, 

stick in the right location in the THEN ALL THE STEPS KEEP GOING 

series, and ask him/her to try another UP. SEE? (Show by pointing.), 

one. . HERE'S ANOTHER .ONE. PUTIT IN \ 

\ ■ ; THE STAIRCASE SO THAT ALL THE n 

• STEPS ARE GOING 'UP. 



Record child's responses.' 



ACTIVITY 3: Simple Seriation with Insertion (Interviewing a Chiid) 

MATERIALS: . * 

Same as those used for Activity 2. . 



INSTRUC||IONS FOR ACTIVITY 3: 

1. ^j Find a child between four and eight years of age, ideally, someone 

that is familiar with you and used to working with you. If not, 
pay particular attention to putting the child at ease. 

2. Review notes on interviewing children found on pages 51 - 56. 

3. Follow the same basic instructions used in Activity 2. 

4. Use Form A to complete the activity with the child. 

5. Ask the child to arrange the 10 sticics of . Set 1 in a series from 
the shortest to tallest. Use simple language and ideas such as: 
"Let's pretend these sticks are people. The smallest person goes 
here (pointing), and then the next smallest, so that they are all 
lined up." Or, "Let's make a staircase (etc.)." Give examples 
if possible. Once a child gets going and, you feel is trying to 
do what you've asked, give assurances that s/he is following your- 
directions correctly. Let the child work at h.is/her own pace. 

6. If the child is. able to form the ^ries , ask him/her to insert a 
stick from Set 2 into the serifes. If\^s/he does not complete an 
ordered series, correct it saying, "I'm^going to do this with your 
sticks." Then ask the child to put the new\tick into the series. 
Say something like, "Here is another stick. It goes in here some- 
where (pointing to the series). See if you can find^-i^e^^^ 

place for it." If the child does not succeed, help him/he^^put 
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it in the right place and explain why it 1s right. "See, even 
with these new sticks the staircase keeps going up." Then have 
the child try one of the. other sticks in Set 2. 



58 

30 



ERIC 



ACTIVITY FORM A: Simple Seriation and Insertion 



Your Name: _^ Child's Name: 

Date:. Child's Age: 

Name of Child's Teacher: 



. This form is to be used to. complete Activities 2, 3, and 8 (paqes 25, 
29, 61). VP y 

Do (Conditions ) Say 

Put out the 10 sticks (set 1) -. HERE ARF A BUNCH OF STICKS. 

messed up. SOME ARE SHORT AND SOME ARE TALL 

FIND ME THE SHORTEST ONE. FIND 
ME THE'TALLEST ONE. 

Record child's responses. 



Describe what the child does and 
draw a picture of the child'i reries. 



I WANT YOU TO PUT THE STICKS IN 
ORDER SO THAT THE SHORTEST IS 
HERE. MAKE THEM GO UP FROM THE 
SHORTEST TO THE TALLEST (give 
the child time to understand you 
and give examples if necessary). 



If child did not form a series, 
arrange the sticks for him/her. 



I'M GOING TO CHANGE THE STICKS 
LIKE THIS... 



Bring out the 4 extra sticks (set 2). HERE ARE SOME MORE STICKS THAT 

WE DIDN'T USE. ' I WANT YOU TO 
PUT THIS ONE (one of the sticks) 
WHERE IT BELONGS IN THIS ROW OF 
STICKS. 



Record child's responses. 

/ 



If cMld didn't get it right, put the 
sticK in the right location in the 
series and ask him/her to try another 
one. 




LOOK,' IF WE PUT THE -STICK HERE, 
THE:^ all the steps keep GOIf^G 

UP. SEE? (Show by pointing.) 
HERE'S ANOTHER ONE. PUT IT 
THE STAIRCASE SO THAT ALL THE 
STEPS ARE GOING UP. 



Record child's responses. 
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FOLLOW-UP TO ACTIVITY 3: 

The best follow-up to this activity with children is for you to 
discuss with other adults what. you did and observed. 

The following provides some focal points for your discussion: 

1. Recall what you did» asked the child to do, and what the child did. 

2. In what ways did the interview go well? 

3. In what ways did it not go well? 

4. If there were problems or misunderstandings, how could you make 
the interview better if you did it again? 

5. How was the child's performance similar to or different from how 
you would solve the problem? 

6. How do you think a younger or older child might deal with the 
•task? 
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CHAPTER 2: \ 

WORKING WITH CHILDREN 



This chapter is an extension of the last aj:tivity in which you 
interviewed the child on a simple seriation task. Here,;you will learn 

to administer a double seriation problem and to investigate order corre- 

\ 

spondences between two series. As before you will role-play the activity 

.. ■ - . '\ ■ 

with other adults before-you interview children. To learn more about 
seriation, Chapter 3 includes the use of a 30-minute Videotape called The 
Development of Order Relations: Seriation. ■ _ \ 



INTERVIEWING A PARTNER 



ACTIVITY 4: Double Seriation Problems (Interviewing an Adult)v 

You will start by administering a double seriation problem to your 
partner. Then you will take the role of a child and complete the 
tasks administered to you. In a. double seriation task, two series 
are arranged so that they have an ordinal correspondence., this means 
that the first member of one series is matched to the first member 
of the second series, and so on. \ 
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l_l l-J I — I • • • 

MATERIALS: 

You will n^ed two sets of objects that can be sjeriated. ^ Ideally, they 
should.be different in appearance and size. There should be the same 
number of elements in each series (approximately 10). All the 
materials should be the same color or those of one series, one color, 
and of the other series, a different color. (See Appendix A for a 
description of material s. ) 
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INSTRUCTIONS FOR ACTIVITY 4: , 

1. Use Activity Form B to determine what you should do and what 
questions you should ask. Make sure you read it thoroughly and 
'understand the procedures before you begin. (Read pages 56 to 57 
for more information on this task.) 

.2. Record the response of your partner in the appropriate spaces. 

I 

3. Switch roles and have your partner interview you. You can play 
the role of a child if you choose. .. 
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ACTIVITY. FORM B: Double Seriation 



Your Name: 
Date: 



Child's Name: 
Child's Age: 



Name of Child^s Teacher: 



This form is to be used for Activities 4 and 9 (pages 35 and 65) 



Do (Conditions) 



Rut out dolls and bats in a 
mixed up order.* 



HERE I HAVE SOME DOLLS AND 
STICKS (BATS), HOW ARE THE 
DOLLS DIFFERENT FROM EACH 
OTHER? 



HOW ARE THE BATS DIFFERENT? 



Move child to an understanding of 
your desire to have him/her pair the 
smallest bat with the smallest doll 
and so on until the largest doll has 
the largest bat. 



I WANT YOU TO GIVE EACH DOLL 
THE RIGHT BAT. WHICH BAT 
SHOULD THE SMALLEST DOLL HAVE? 



WHICH BAT SHOULD THE TALLEST 
DOLL HAVE? ^ 



Once the child indicates an intention- O.K., GIVE ALL THE DOLLS THE 
to give the small bat to the small , RIGHT BATS, 
doll ..... ^ 



* Dolls and bats .will be used to illustrate the procedure. 



Record what the child does. 



When the child is finished. 



Record what child does and says. 



ARE /THEY- ALL RIGHT NOW? 



WHY DOES. THIS DOLL GET THIS / 
BAT? (pointing to one of the— 
errors) IS IT RIGHT? . ^ 



When child is finished. 



ARE THEY ALL RIGHT NOW? 
VERY GOOD. 



ACTIVITY 5:. Ordinal Correspondences (Interviewing an Adult) 

This activity is an. extension of the double seriation task. Once a 
double series has been established, you can investigate whether it 
constructed with an understanding of the order relations within and 
b,etween both seriesj ^ . 

MATERIALS: ' ■ ' 

K 

(• Same as those used in Activity 4. 

INSTRUCTIONS VoR ACTIVITY 5: 

1. Use Activity Form C to determine what y.Qju^should do and the. 
questions to ask. (Read pages 57 to 58 for more information on 
this task). 

2. Record the responses of your partner in the appropriate spaces. 

3. ' Switch roles and have your partner interview you. 



ACTIVITY FORM C: Ordinal Correspondenqes ' 



Your Nanie: ' 
Date: 



Child's Name: 
Child's Age: 



Name of Child's Teacher: 



65). 



This form is to be used to complete 'Activities 5 and 9 (pages 41_ and 



Do (Conditions) 



After the child has formed a double 
series with or without your help 
(Form B), put the dolls closer 
together and the belts' further 
dpart, (or vice-a-versa). 



O.K. I'M GOING TO TAKE THE 
DOLLS AND PUT THEM CLOSER 
TOGETHER. 



After the dolls are bunched 
together. 



NOW WHICH BAT SHOULD THIS 
DO^L HAV£ (pointing to the 
tallest doll)? 



WHICH BAT SHOULD THIS DOLL 
HAVE (pointinq to the shortest 
doll)? ^• 



Now pointing to a bat that is 
opposite to the 4th or 5th doll 
from the end. - 



WHICH BAT SHOULD THIS DOLL 
HAVE (pointing to a middle 
on^)? 



n 



u8 



\ 



WHAT IF A FRIEND SAID YOU 
WERE WRONG, HOW WOULD YOU 
SHOW THEM YOU WERE RIGHT? 



If the child has' been successful with NOW THl DOLLS ARE GOING TO 

the last two questions, switch the SWITCi: '\ND LINE UP IN THE 

dolls around so that one series goes OPPOSITE WAY. 

from short to tall and the other , • 

series goes in the same directioji 

from tall to short. 



WHICH BAT SHOULD THIS DOLL 
HAVE (pointing to the 
smallest)? \ 



WHICH BAT SHOULD THIS DOLL 
-. HAVE (pointing to the 
tallest)? 



WHICH BAT SHOULD THIS DOLL 
HAVE (pointing to the fourth 
or fifth do'; -i from the end)? 



WHY? EXPLAIN WHY THAT BAT 
GOES WITH THAT DOLL. 



■ ■ . ■ / 
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ACTIVITY 6: ^Ordinal Correspondences — Destroyed Series ^Interviewing 
an Adult) \ \ j- 

This activity is also an extension of the dbuble seriation tas^k 

;, ■•• / ' ■ 

or as a continuation 



(Activity 4). It can be done after Activity 4 



of Ac4iyity'5. Once a child knov/s that certain bats belong/with 



certain 



dolls, the two series can be destroyed and you can /pick out 



a doll and ask the child .to find which bat goes with that/doll 



MATERIALS: 
Same as 



for Accivity 4. 



INSTRUCTIONS R ACTIVITY 6: 



1. Use 



: Activity Form D to determine what to do and say. (Read 
page 59 for more information on this task.) / 
- 2. Recall 'the responses of/ your partner. 



3. Swi]:ch roles and have ^our partner interview ybu. 

/ 
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ACTIVITY FORM D: Ordinal Correspondences (Destroyed Series) 



YourNiiame: 
Date: / 



Child's Name: 
Child's Age: 



Name of Child^s Teacher: 



To be used for Activities 6 and 9 (pages 45 and 65). 



Do (Conditions) 



Say 



After child has formed a double 
series with or without your help, 
mess up the two series. 



NOW I'M GOING TO MAKE IT 
DIFFICULT. I'M GOING TO MESS UP 
YOUR NICE WORK AND SEE IF YOU 
CAN FIND THE RIGHT BAT FOR THIS 
DOLL (pick a doll that belongs 
somewhere in the middle of the 
series). "FIND THE BAT TflAT 
BELONGS TO THIS DOLL. 



Record what the child does. 



Does child reconstruct one series 



both series 



part af~one series 



part of both series 



Does the child find the right bat? 
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When child selects a bat. 



HOW DO mC KNOW THAT'S THE RIGHT 
BAT? 



Record what child does or says. 



IF YOUR FRIEND THOUGHT THAT ' . 
ANOTHER BAT WAS RIGHT, HOW WOULD 
YOU SHOW YOUR FRIEND THAT YOU ARE 
RIGHT? 
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WATCHING A VIDEOTAPE 



In this section of Chapter 2, you will view a videotape nowing 
children four to. eight years of age being interviewed on all the tasks 
^ lu did in Activities 2s through 6. 

This tape was made at the Hillside Primary School in Berkeley, 
California, with the cooperation of the school, teachers, children and 
their parents. The children were selected by their teacher, primarily 
on the basis of their ability to cope wi'th the confusion of a video- 
production and the stress of being filmed. 

The youngest children were interviev/ed by their teacher, Daniel 
Peletz. The six, seven and eight year olds were interviewed by someone 
they had just met for the first time. There was no rehearsing and there, 
were no retakes. Despite the presence and observation of strangers , the 
— physical di^scomfort and chaos, and the general unfami 1 iari ty of the 
situation, the children, were able to concentrate on the tasks, werp 
seriously involved, interested and, on the whole, enjoyed themselves. Thi 
illustrates the mental power that children of any age bring to bear on 
activities that ..tap their intellect and reasoning. While the raw footage 
was edited for clarity and the restrictions of a 30-minute show, what you 
see is an honest and accurate portrayal of children actively reasoning 
about order relations. , 
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ACTIVSTY 7: Viewing the Videotafse, "The Development of Order Relations" 

INSTRUCTIONS FOR ACTIVITY 7: 



1. Review the following outline of the. tape: 



Child 


Age 


Stage 


Problem 


Darrilyn 


4 


. Pre-conceptual 


Simple seriation with 
insertion 


Brock 


6 


Intuitive 


Simple seriation with 
insertion 


Bebe 


■7 


. Intuitive 


Double seriation; 
ordinal correspondences 


Ryan 


8 


Concrete- 
Operational 


Simple seriation with 
insertion 


Tanya 


7 


Concrete- 
' Operational 


Double seriation, 
ordinal correspondences- 
■ with and without ''^ 
destruction of the 
two series. 

■ 



2. Look for how Darrilyn, Brock, and Bebe handled^ the task differently 
than adults. Look for similarity as well. 

3. Look for how Ryan's and Tanya's performances are similar to • * 
adults. (You can use the transcript of the tape, Appen.dix B, to 
make notes . ) 



21. Part of the FLS video-series: The Growing Mind : ' A' Piagetian 
View of Young Children . 
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INTERVIEWING CHILDREN 



In this section. of Chapter. 2, we'll discuss a number of issues that 
will" help you prepare to interview children on th6 tasks you saw in' the 
videotape. 

Do's and Don'ts of Interviewing- ... " 

1. It is important that you enter the interview with the right 

attitude. This should be a curiosity about hov; children serjate 
aind a willingness to explore ways 6'f find'fng out. It is' not a 
question of whether children have the "right" answers. There 
are no "right" answers to these types of tasks . Given the 
opportunity, children will do as well as they can, and the object 
is to see what they do so that you can gain more insight into 
your children and the concerns of this unit. If you. are concerned 
with the child "doing well", you will prejudice the results and 
most likely make the child uncomfortable. 

A tynicai mistake of beginning interviewers is to try to get the 
bes : • '^fjost .'idvanced response from the child. This is under- 
standable, but it inevitably results in hounding the' child, making 
instructions too complex, and generally communicating to the 
. t child that you want something s/he is not giving you; that there 

is something wrong with his/her thinking. It's better to go slow 
and let the child take the lead with as little interferenca from 



you as possible. The child's reasoning is a sensitive and 
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personal issue and you should maintain a respect for it throughou t 
the interview . , ■ 

2. Present the seriation materials, to the child in a natural 
manner, saying something like, "let's work with these for a 
while," or "I have some things I want you to do with these." The. 
tasks will strike children as natural and reasonable. In one 
form or another, children naturally engage in seriation from 
birth on./ Rather than pro^v^ding a lot of explanations about what 
it's all about, just get going. < 

3. Remain as flexible as possible throughout' the interview. If the 
child does not immediately. ..respond to your questions, wait and 
ask again. If the child^does not do what you ask, let him/her 
fool around a bit. The c?hild may need some time to feel 
comfortable with the materials. If the child commencs on things, 
even if they do not relate to the task, listen and respond to 

■ what is said. When you feel that the child is drifting from the 
focus, remind him/her of what you want. The experience itself 
should be pleasurable for you -and the child. If you feeT 
uncomfortable, or the child is feeling anxious and uncomfortable, 
then it is best to discontinue*'the interview. If the child gives 
^' any indication of wanting to quit, you might see if s/he just 
- needs a little encouragement. If s/he still asks to quit (either 
verbally or nonverbal ly) , then stop the interview. 

4. Try not to be anxious with yourself or the child. You can and 
wi 11- -make "mistakes-,'^— fe44-to-ask"the-^r4^ mi sunder-- 

stand the child and so on. It tak'es experienae to become a good 
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interviewer.' You will have to make mistakes to learn. So don't 
worry about it. If you worry, you'll probably worry the child- as 
well. Trust the child . Children like to share their thoughts 
with adults, if adults seem interested and respectful. 
5. .Remember, you are the adult, it's your interview and you're in 
control. Be clear to the child about wha*..you want. If youMet 
the child "take over," s/he will do whatever strikes his/her fancy 
:nd you. will have learned little. For example, if the child 
starts using the sticks to build a house, say, "You can play with 
the-sticKs in any way you like after we' ve "finished, but now I 
wajit you to..."" If the child persists, end the interview. You 
can always return when conditions are better. 

The Form of the Interview 

A good interview is not the result of following a prescribed procedure 
word for- word or bfeing good at following a set of instructions. A good 
interview results frombeing attentive to what the child is doing, how s/he' 
is understanding your instructions, and forming "educated guesses" about 
why the. child is doing. one thing or another. Your development as an 
interviewer depends upon. yoQr concern for exploring the child's thinking, 
your clarity about vibpr you are looking for, and your ability to invent 
questions "on the ol" that'help you get a clear picture of the child's 
thinking. This skill, takes time and practice-. to develop. 
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1. Simple Seriation Tasks with Insertion • 

The procedures for this task are outlined on Form A (page 27). 
Use this form for your first few interviews.. After som^ practice 
you can work without it. , 

Some general , procedures are outlined below: 
\^ Constructing the series ' i 

a. 'Make sure the child is aware of the nature of the material. 

The interview might go like this "What are these? That's 
■ * ■ f • ■ ■ , ■ , 

right, sticks. Tell me about them. That's right, they^re 

different lengths." 

b. After the child is aware of the various lengths, ask him/ 
her to arrange them in a series. You might have to try 
various ways of expressing this, particularly to younger 
children. You might say something like, "Do you know how 
you walk up steps? Well, I want you to arrange these 
sticks like steps so that each step goes up. " If the 
child does not get the idea, you might arrange the sticks 
in a series and point out how each one is taller. Then 
mix them up and ask the child to arrange them in the same 

' way. . 

c. If the child creates an error, you might point to one of 
the sticks and ask the child, if it is right. If the. 

. ansv/er is "yes," accept it. Do not point out all the 
errors. 

d. If the child does not line the sticks up so that their 
bottoms are even you might question the child, by pointing 
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to. the bottom ends and saying., "How about the bottom of 



^ the sticks, are they right too?" irthe child doesn't 

consider them, it is most likely because at his/her stage, 
it is diffi-cult to consider what^s happening to the tops 

^ and bottoms of the sticks at the same time. 

e. If the child does not arrange a.11 the sticks in a series, 
ask him/ner to use all the sticks. "How about these . 
•(remaini»|g sticks); can you use them too?" 

f. If the child creates a number of separate series, suggest 
that s/he construct one series, "That's good, you made a 
lot of staircases. Tm wondering if you could use all tho 
sticks to make just one staircase.— ^ , 

Inserting new sticks in the series: * - ' 

g. If the child is able to form.a ser4es with the 10 sticks, 
go on to the insertion problem. If Rot-, correct the . 
series. But do so in a way that does not put the child' 
down. For example, "Now I'm going to take your staircase 
and make some changes , O.K. ?" 

h. Bring out the second set of sticks. ~" Introduce them with 

something like, " Here are some more sticks that c an go 

with the sticks in the staircase. I want you to fin d 

' where th ey go. . Here's one, see if you can find where it 
. - *»-\ . 

goes in the staircase." If the child does not understand, 
ta^e a stick and demonstrate, leaving It in the series. 
. i. When a child places a:new stick in the series, ask why 

that's the right place for it. - * 

■ / ■ / ■ 55 ' " . ' ' ■ ' ■ 



j. If new sticks are putjin an obviously incorrect place, 
you might pQ,int it out sa ying something like, "How about 
this,' is this right? If you were to walk up the^steps, 
what would happen here?" [ 

k. ' Check to see if the child is still willing to go on by 

asking something like, "Do. you want to find where this 

. " ' ■ ■ ■ "^^ ' . ' i " 
stick (a new one) goes?" '|" 

' . . .' i 

Double Seriation Tasks 

a. Only do a doubje seriation problem if the child is able 
to create a. single series. If the child can, ..s/he will 
be*" in either the intuitive; or concrete-operational stage. 
' b. follow the procedures outlined on Form B (page 39). 
c. The. object of a double seH"ati-on task is to, see how the 
child goeis about solving a task that requires thinking of 
"the materials as twd* series, in which the first member 
of one series is matched to. the first member of the. 
second series, and so onw ,/ 
\ d. The^ problem should be introduced with s*imple language and, 
"if necessary, use of imalgery that describes ,one series as 
\ "belonging" with another. For example; different size 

people with "walking sticks", "bats", "batons," 
\ "umbrellas," etc. Once there is an understanding that 

the bats,— for exaniple, are of different sizes, and-so are 
\ the dolsls, then lead .tjhe child to pair the shortest bat 
with the shortest doll' and "l ikewise, for the longest bat. 



"Which bat should the shortest doll 'have? How about the 
tallest doll.?." "Give the rest of t^he dolls their bats." 
e. If there are some obvious errors in the child's 

construction-, such as a big doll with a short bat next to 
a shorter doll* with a Iqnger J^4t, ask the child, "Is it 
right for the small doll to have such a big bat?'"" If the 
child says "yes accept it, but if the criild says "no," 

ask him/her to make therrt' right. 

'( ■ ■ 

Ordinal Correspondence Tasks ; - . 

a. This task should not be done with children who have 
difficulty forming a series. . ' 

b. Use Activity Form C (page 43) for interviewing children. 
After you are. fami 1 iar with doing this task, you can 
proceed without Form C. . - 

c. "Ordinal correspondence" means a double series in whi;ch 

the first "element of one series corresponds (is matched) 

' i 
to the first element in the second, and so on. In j the 

ordinal correspondence task, the question is whetherj 

these order relations are still understood when the ' 

elements of the series are spread out or put closer' ' 

together. ' \ 

d. ' When the materials are spread out, one series should 

extend beyond the ends of the other. 




start by asking about the ends of the short series (dolls) 
" Which bat goes with this doll (tallest), Wrn'ch bat goes 
with this doir'(sho,rtest)?" ,Next, ask about a doll'that * 
is "fourth' or fifth in from the ends . 
Be sure to ask the child why his/her answer is correct. 
Possible appraoches are: "How would you shd.i someone 
you're right?" "Why is that the right bat for this 
doll?" Accept the child's^answer or probe sensitively 
and briefly for more understanding on, your part.: 
If the child has been successful in the above task, 
reverse the series so that o^ series (bats) goes from 
shortest to longest and the other series^ (do.lls) goes 
from tallest to shortes't," Follow tlie same general 
procedures outlined above in step 3 (a-e). 
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4 . Ordinal Correspondence Tasks with destruction of the two series 

a. Thi: task should not be done unless the child can 
construct a/' double series. | 

b. Follow the procedures on Form D (page 47)^ After some 
practice, you'll be able to work without Form D. ; 

c. The purposje of this ta'sk is to see how a child thinks 

of two series when the elements are all ^mixed up. A doll 
is Picked out (one belonging to the midri'? of the series), 
and the child is asked to find its ba^ . This^ involves 
doing the double seriation over agciin. The two things to 

. look for are whether ^the child sees the necessity for 

reconstructing the two series;' and if the child does, 
how much of the two series s/he reconstructs. The child 
• may/rebuild the"" entire double series, or only up to the 
doll in^^uestion, which is an adequate solution if done 
systematically.. 

d. -irtlhen the child finds an answer, you should probe to find 

out the child's reasoning. "How do you know that's the 
right bat? What if a friend said you were wrong. How 
would you show them that you were right?" x ' 

Increasing and Decreasing the Task Difficulty 

_Jlhe purposa-is_not— to-make the'task ''ea^ so that the child gets 
the *Yighj;_'l_answ"ers. ( except where you want the. child to get a right 
ansvyer in order to Understand youV instructions,) but rather, to ke^p the 
task 'at a le^vfil where the child f^els comfortable dealing with it. 

. • -•83 ■ 
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Experience will be your best gu^Lie to what c^hildren of various ages caP 

i , . • j 

handle. , ^ I 

There are 1 two issues to consider when selecting a task for a' child^ 

■ ■ ■ \ I I \ 

One is the nature of the ta^k, .^^^ the oc' 3r concerns the materials. The 

\ • • ■ ■ I \ . 

tasks presented^on Activity Fr makd up a iSeries of increasingly 

(difficult tasks.; . Most chilxireu jond four years\o,f age can deal with 

$im|o7e seriationi and insertion task. Whilje the younger children will pot 

create ''true" series, they are still fairly comfortable dealing wHh P"^^ 

task. One way of ■makin-"' simple seriation problems ea^^sier is to form paTt^ 

of the series for the child. The Idouble keriation tas\ks should probably 

not be given to children who cannot construct a series \at least by tria| 

and error. To simplify* a double seriation problem, you \can complete oP^ 

of th^ -series for the child. ' 

The materials can be simplified in -a number of ways, \ but if they ar;e 

made too'^easy you will not be able to explore 'the child's ^reasoning about 



order relations bl^cause you will make it possible to solveUhe task by 
simpler means. 

Here are some ways of simplifying the material s : 

• reduce the number of things to be seriated 

• increase the size interval;s between successive m'embers of 
. the series. - 

-Increasing the number of objects and/or decreasinn the distance 
between successive elements in the^series are ways o'" increaJ^ing the' 
task difficulty. ■ l i 
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ACTIVITY 8: Simple Serlation with Inof rtion (Interviewing a Child) 

^his activity, you will interview another child between the ages 
°Lir and eight on the simple serlation task. You should use 
A as a guide. This is a repeat of the same task you did for 
Activity 3 (page 29). You should interview a different child than 
■• one you did in Activit- 3. ' , 
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ACTIVITY FORM A: Simple Seriation and Insertion 



Your Nanie: ^ - Child's Name: 

Date: Child's Age: 

Name of Child's Teacher: 



This form is to be used to complete Activities 2^ 3, and 8 (pages 25, 
29, 61). ■ . . 



Do (Conditions) 



Say 



Put out the 10 sticks (set 1) 
messed up. 



HERE ARE A BUNCH OF STICK?.. 
SOME ARE SHORT AND SOME AKE TA.l 
FIND r^E JHE SHORTEST ONE.. FIND 
■ME THE TALLEST ONE. ' 



Record child's responses. 



Describe wliat the child does and 
draw a pi -ure of the child's series. 



T WANT YOU TO PUT THE STICKS 
ORDER SO THAT THE SHORTEST i? 
HERE, MAKE IHEM GO- UP FROM THE ' 
SHORTEST TO THE TALLEST (give 
the child time t^ understand you 
and give example^ if necessc^ry). 



Ir child did not form a series, 
arrange the sticks for him/her. 



I'M GOING TO CHANGE Th£ STICKS 
LIKE THIS... ^ 



Bring out the 4 extra slicks (set 2). 



Record child's responses." 



HERE ARE SOME MORE STICKS THAT 
WE Dinri'T USE. I WANT YOU TO 
PUT Tn"S ONE (one of the sticks) 
WHERE li BELONGS IN THIS ROW OF 
STICKS. 



If child didn't get it right,- put the LGt IF WE PUT THE STICK HERE, 
stick in the right location in the Tl^i , -UL THE STEPS KEEP GOING 

series and ask him/her to try another UP. SEE? (Show by poi>ii:nq.) 
onP HERE'S ANOTHER ONE. PUT IT IN 

■ ■ THE STAIRCASE SO THAT ALL THE 

STEPS ARE GOING UP. 



Uacord child's responses. 
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ACTIVITY 9: Double Seriation and Tests Ordi^sai' Correspondences 

This activity combines Activities 4, 5, 6 (pages 35 to 45) that you, 
role-played as an adult. To complete the activity, you should test 
two children between four and eight years of age. Interview children 
that you feel are capable of forming a single series. If they have 
difficulty, or you are ui :omfortable, discontinue the interview. Use 
Activity Forms B-D. After the double seriation problem has been done 
(Form B), go on to a test of ordinal carrespondences (Form C). If 



that task is comfoi table ^or the child, go on to testing ordinal 
correspondences when the series has been destroyed (Form D), 



BB 
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ACTIVITY FORM B: Double Seriation 



Your Name: 
Date: 



Child's. Name; 
Child's Age: 



Name of Child's Teacher: 



■This form is to be used for Activities 4 and 9 (pages-35 and 65). 



Do (Conditions) 



Say 



Put out dolls and bats in a 
mixed up order.* 



HERE I HAVE SOME DOLl "~ AND 
STICKS (BATS). HOW ARE THE 
DOLLS DIFFERENT FROM EACH 
OTHER? 



Movf. child to an understanding of 
you)' desire to have him/her pair the 
smallest bat with the smallest doll 

so on iiitil the largest doll has 
the larges bat. ^ 



HOW ARE THE BATS DIFFERENT? 



I WANT, YOU TO GIVE EACH DOLL 
THE RIGHT BAT. WHICH BAT 
SHOULD THE SMALLEST DOLL HAVE? 



WHICH BAT SHOULD THE TAtLEST 
DOLL HAVE? 



Once the child indicates -an intention 
to give the s'oalT bat to the small 
doll... 



O.K. , GIVE ALL THE DOLLS the 
RIGHT BATS. 



* Dolls and bats will be used to illustrate the procedure. 



Record what the child does. 



When the child is finished... ARE THEY ALL RIGHT NOW? 



WHY DOES THIS DOLL GET THIS 
BAT? (pointing to one of the 
errorr" IS IT RIGHT?. 



Record v^hat child does and says. 



. When child is finished... ' . ARE THEY ALL RIGHT NOW? 

_ . VERY GOOD. - 



I 



Your Name: 
Date: 



ACTIVITY FORM B: Double Seriation 



Child's Name: 
Child's Age: _ 



Name of Child's Teacher: 



■''his form is to be used for Activities 4 and 9 (pages 35 and 65), 



\ ■ 

bo (Conditions) 



Say 



Put out dolls and bats in a 
mixed up order.*"' 



HERE I HAVE SOME DOLLS AND 
STICKS (BATS). HOW ARE THE 
DOLLS DIFFERENT FROM EACH 
OTHER? ■ -^N. 



Move child to an understanding of 
your desire to have him/har pair the 
smallest bat with the smallest doll 
and so on until the largest doll, has 
the largest bat. 



HOW ARE THE BATS DIFFERENT? 



I WANT YOU TO GIVE EACH DOLL . 
THE RIGHT BAT. WHICH BAT 
SHOULD THE SMALLEST DOLL HAVl? 



WHICH BAT SHOULD THE TALLEST 

DOLL Have? 



Once the child indicates en intention 
to. give the small bat to the small 
doll... 



O.K., GIVE ALL THE DOLLS THE 
RIGHT BATS. 



* Dolls and bats will be used to fllustrate the procedure. 
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Record what the child does. 



When the child is finishec< 



ARE THEY ALL RIGHT NOW? 



Record what child does and says. 



WHY DOES THIS OOlL GET THIS 
BAT? (pointing to one of the 
errors) IS IT P.IGHT? 



When child is finished. 



ARE THEY ALL RIGHT NOW? 
VERY GOOD. 
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ACTIVITY FORM C: Ordinal Correspondences 



Your iName; 
Date: 



Child's Name: 
Child's Age: 



Name of Ch^ild's Teacher: 



65). 



This form is to be used to complete Activities 5 and 9 (pages 41 and 



Do; (Conditions) 



Sa7 



After the child has formed a double 
series wi .,i or without your help 
(Form B), put the dolls closer/ 
.-together and the bats further 
apart, (or vice-a-versa). 



O.K. ' I'M GOING TO TAKE .THE 
DOLLS AND PUT THEM CLOSER 
TOGETHER. \ 



After the dolls are bunched 
together. 



NOW WHICH BAT\ SHOULD THIS 
DOLL HAVE (pointing to the 
tallest doll)? 



WHICH BAT SHOULD THIS DOLL 
HAVE (pointinq to the shortest 
.doll)? 



Now pointing to a bat that is- 
opposite to the 4th or 5th do! 
from the end. 



WHICH BAX SHOULD THIS DOLL 
HAVE (pointing to a middle 
one)? 

WHY? 
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"WHAT IF A FRIEND SAID YOU 
WERE WRONG, HOW WOULD YOU 
/■ ■ SHOW THEM YOU WERE RIGHT? 

* . ' . I . 

If the child has been successful with NOW THE DOLLS ARE GOING TO 

the la^ t two questions, switch, the . SWITCH AND LINE' UP 'IN THE 

dolls around so that ohc? sev-ieb goas ' OPPOSITE WAY. 

fn^i^, i>-ioif;t to tall and the other 
serfo> goes in the, same direction 
froni tall to short. 

i 



WHICH B^T SHOULD THIS DOLL 
HAVE (poin.ting to the 
smallest).? . ' ^ 



..^.-WHICH BAT SHOULD. THIS 00^-- 
/have (pointing. to the 
tallest)? ' • 



WHICH BAT SHOULD THIS DOLL ^ 
HAVE (pointing to the fourth 
or fifth doll in from the end 



WHY? EXPLAIN WHY THAT B/^T 
GOES WITH THAT DOLL. 



Your Nanie; 
Date: 



ACTIVITY FORM C:- Ordiruil Correspondences 



Child^ Name; 
Child's Age: 



Name of Child's Teacher: 
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This, form is to be used to complete Activities 5 and .9 ; (pages 41 and 



Do (Cond I lions) 



Sa^ 



After the chi ld has formed a- Rouble 
series with or without yO:Ur help ' 
(Form B), put the dQHs closer 
together and the bat^ further 
apart, {or vice-a-ve^rsa). 



O.K. I'M GOING TO TAKE THE 
DOLLS AND PUT THEM 'CLOSER 
TOGETHER. 



After the dolls are, bunched 
together* j 



NOW WHICH BAT SHOULD THIS 
DOLL HAVE (pointing! to the 
tallest doll)? 



WHICH BAT SHOULD THIS DOLL 
HAVE (pointinq to tlie s.iortest 
doll)? 



Now pointinq ""o a bat that is 
opposite to the 4th lor Sth doll 
from the end. 



WHICH BAT\SHOULD /THIS DOLL 
^HAVE (pointing a middle 



one)? 



WHY? 



•WHAT IF A FRIEND SAID YOU 
WERE WRONG, HOW WOULD YOU 
SHOW THEM YOU ^JERE RIGHT? 



l,' tne child has been* successful with 
the last two questions, switch. the 
dolls" around so that one series goes 
from short to tall and the other- 
series goes in the same direction i 
from tal 1 to short.. ; 



NOW THE DOLLS ARE GOING TO 
SWITCH AND LJNE UP IN, THE 
OPPOSITE WAY. 



I 1 



WHICH BAT SHOULD THIS 'DOLL 
HAVE (pointing to the 
smallest)? 



WHICH BAT SHOULD THr DOLL 
HAVE (pointiru to/ the 
|:allest)? / 



Which bat should this doll 

j^AV£--4•po^nting to the fourth 
or fifth doll in from the end 



WHY? ..EXPLAIN WHY THAT BAT 
GOES WITH (THAT DOLL. 



/ACTIVITY FORM D: drdinal Correspondences (Destroyed Series) 



Your Name: 
Date: 



Child's Name: 
■ Child's Age: 



Name of Child's Teacher: 



To 'be used for Activities 6 and 9 (pages 45 and 65), 



Do °(Condi tions) 



Sa 



After child has formed a double 
series with or without your help, 
mess up the two series. 



NOW I'M GOING TO MAKE IT 
DIFFICULT. I'M GOING TO MESS UP 
YOUR NICE WORK AND SEE IF YOU 
CAN FIND THE, RIGHT BAT FOR THIS 
DOLL (pick a doU that belongs 
somewhere in the middle of the . 
series), FIND THE BAT JHAT 
BELONGS TO THIS DOLL. " " 



Record what the child does.. 



Does child reconstruct one series 



both series 



part of one series 



part of both series 



Does the child find the right bat? 
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When child selects a bat. 



HOW DO YOU KNOW THAT'S THE RIGHT 
BAT? 



IF YOUR FRIEND THOUGHT THAT- - 
ANOTHER BAT WAS RIGHT, HOW WOULD 
YOU SHOW YOUR FRIEND THAT YOU ARE 
RIGHT? 



Record what child does oivsays. 
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ACTIVITY FORM D: Ordinal Correspohdentec (Destroyed Series) 



^Your Name: 
Date:^ 



ChfU's Name: 
Child's Age: 



Name of Child's Teacher: 



To be used for Activities 6 and 9 tpages 45 and 65) 



Do (Conditions) 



Say 



After child has'formed a double 
series with or without your help, 
mess up the two series. 



NOW I'M- GOING- TO MAKE IT 
DIFFICULT. TM^OING TO MESS UP 
.YOUR NICE WORK AND SEE IF YOU ^ 
CAN FIND THE RIGHT BAT FOR THIS 
DOLL (pick a doll that belongs / 
somewhere in the middle of the 
sd^ies). FIND THE BAT THAT 
BELONGS TO THIS DOLL. 



Record what the child does, 



Does chtld reconstruct one series 



-hoth series 



part of one series 
part^ of both series 



. ? 



Does the child find t'^'^ right bat? 



When child selects a bat... 



HOW DO YOU KNOW THAT'S THL RIGHT 
BAT? 



IF YOUR FRIEND THOUGHT THAT 
ANOTHER BAT WAS RIGHT, HOW WOULD 
YOU SHOW YOUR FRIEND THAT YOU ARE 
RIGHT? 



Record whai child does -or. says. 
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FOLLOU-UP TO ACTIVITIES 8 AND 

TFie best foUow-up to these activities with children is for you to 
discuss with other adults what you did and observed. 

The following provides some focal pt)ints for your discussion: 

Recalj what you did, asked the child to do, ar1 what the child* 
• did. . • * 

2. InciWhat ways did the interview go well? 

3. In what ways. did it not go Well? 

4.. If there were .probl ems or misunderstandings, how could you make 
the interview better if you did it again? ^, \^ 

5. How was the child's performance similar to- or different from how 
you would solve the problem? 

6. How do you think a younger or older child might deal with the 
task-? . .. 



./ 



• / 
/ 



■ / ■ 
/■ 



••■ - / 



' / 

/ 




CHAPTER 3: 

ASSESSING STAGES OF INTELLECTUAL DEVELOPMENT 

GENERAL REMARKS ON THE DEVELOPMENT QF SERIATION 

«u - 

The development of order relations concerns more than the seriation 
of sticks. It involves the whole question of. mental ly ordering or ■ 
sequencing events and bbjects. Seriation tasks are only one context in 
which the child's understanding of order relations is'expressed. They are 
significant howeyer, in that they provide an easily administered and . 
<. interpreted means of gaining insight into the child's understanding of 
order relations or sequences. The same reasoning that >the child demon- 
strates in doing a seriation task is being used constantly. All mental 
'activity requires some understanding of sequence. Some knowledge, such 
as concepts of time and measurement, are specifically and directly 
concerhed- wi th sequences. \ • ■ V . 

To understand how a given child conceives of order relations requires 
more than simply observing a child buijding a series. Many four year olds, 
for example, can se;quence nesting' boxes , order rings on a ;^self-correcti|g 
spintfle, or eveii put Cuisenaire Rods in order from, shortest to tallest. 
This in itself te'ds us little about the child's understanding. Is the 
— cM-l-d-proeeedwg-4>y-^^HD^€-4neme-r^^ — Ho w such a c tivity r e fl e cts — 

an understanding of order relations requires further probing. ^ To expture 
- the child's understanding x>f order -retations "requires" disco vering~the 
nature~of the" child' s reasoning about relations "of "Tess-" and greater- than, 
befoVe and after, etc. To this end, it is important to know how to select. 
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• and administer, tasks, tiiat demonstrate the nature. of the child's 
understanding. ^ 

As adults, we understand that an element in a series comeg before all 
the' elements that foll9w it and after all the elements before it. In the 
case of seriated sticks, we recognize that a stick is^ both ta] ler and 
shorter than its neighbors; taller than tKose that come before ft 'and 
. shorter than those that follow. Being able to coordinate concepts of less- 
than and greater-than allows you to reason through a problem such as: 
Paul came to dinner after Sue; Paul came to dinner before Jack. Who came 
last to dinner? Young children do not understand the relations implied in 

• such a problem^ even if, presented in a physical form. However, as the. 
child develops, there is a progressive understanding of the relation . 
less-than and greater-than, and by the concrete-operational stage these 
concepts .are coordinated in a relfersible organization. 



THE PRE-CO,NCEPTUAL STAGE — APPROXIMATE OR INCOMPLETE ^'^RIES 
(generally two-five years of age). 

• RE-READ PAGES 13 THROUGH 19 

The material in Chapter 1 provides, a. good description of the "^r^^ 
conceptual stage ot seyiat76¥.~~Tts main " fe¥tu i^s~a fel \ \ ~- 

1. Pre-conceptual children from either approximate series, in which 
..each successive element is not necessarily s horter (tallerj than 
all those before it; Or. ^, ' 



"2r"~A"~S'eTfes in" Which the tops "or bottoms" oTtlie sticks are seriated. 



but not wi th a consideration of both the tops and bottom; Or 
3. K number of small series not coordinated with each ather. 

. / ■ ■ ^ 82 ^ ' 
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\4. In acjditioh, .children of this;period cannot insert 'new sticks into 
their proper place in the sequence. 

Although the pre-coficeptual chilli's inability* to produce a. .series is, 
in itself, revealing, the character of a child's reasoning is revealed mor^e 
In the method of construction than in tne final product. The method of 
a child's construction is guided by an unders^tandi nrj, and, by 'observing 
the method, the reasoning is revealed. ' 

The pre-conceptual child thinks of the sticks as either short or long. 
This is guided by a simple! discrimination between one length and another. 
It does not take into accoii^nt the relative length between a given stick"* ■ 
»and all the others, nor does^ it incorporate an understanding that a stick 
can be a long stick when compared to some and, at the same time, short ^ 
when compared'to others. A stick* simply has the static appearance of big 
or small. However, most two a^d three/year olds do not liave even this 
understanding; most four year o\lds, when asked to select the shortest 
stick, are able to pick one that. is' generally shorter than all the others, 
^although it is ofcen not the shor.rast. When asked to select the shortest 
of two sticks, they usually grve^he correct response. In this sense, the " 
pre-conceptual .child understands tHe meaning of the^ words "shortest" and 
"longest." \.. ' 



On the ather hand, if the pr£-conceptual child had a clear under- 
standing of . the terms "shortest" and "\longest," it would be possible to 
-giujjp th^m to construct a ser ies^ Son]e\ guided pra ctice with an emphasis 



~on=:^-taic1ng-t4ie— T6n^^ and now the 



-Ao n ges t— o f— a 1-T - 1 h o s e-t h a 1r^re~i"ef t ,"~e*t c . " \ w o ul d produce a series. But 

two things characterize the pre-coneeptual \chi Id -in this regard. One. is 

. ■ . \ 
; . ■'. . ' ■ ■ ' '83 ■ , ' . ■■■■ 



tliat -children in this stage do not' have a systematic .conception of 

"longest" or "shortest". This^can'be seen in the fact that, unlike older 
children, there is ng, attempt to make sure that a given stick is actually 

^longer (or shorter)^ than al l^of some: set of other sticks. The other point 

is tha't the idea of proceeding by taking -the longest, next longest,' etc. , 

♦ 

is foreign to the child. If the method is* suggested,' as it was for ' ^ . 
Darrtlyn in the order-relations videotape, it is pursued without systematic 
consideration and, as a result, the series is approximate. In fact, 
prior to Darrilyn's scene in the film, sh^was Ted step by step to 
construct an ordered series by taking the longest, next longest, and so on. 
However, when left to her own, sh^treats the s^ticks as either generally 

^ng or short, and constructs a series that looks somewhat like a series, " 

''but is not. . 

■^Further evidence that the pre-conceptual child thinks of the sticks as 
short or long, is seen 'in their reaction when it is pointed out that a 
stick is too tall or too short in its present location. The typical ' 
response is to move the indicated stick to the tall or short extremes of 
the sequence. This is clearly revealed *in Darrilyn*s performance when - ' 
asked to place new sticks in the series*. It. is difficult for the pre- 
conceptual child to conceive of where a new stick might go, even whe n it _ 



is clearly taller than t¥e shWE^5lr~srttclr~attd-~^ 



stick. " When' asked to do so, the_,.cjiild3a44--^^ 



-mis jtLa,lie s , . Fu r t h e r mo r e , when mistakes are made, they are not regarded as 



\ 



suchv — The~fac.t that 'a stick" may be taller, for example, than either of 
its neighbors does not suggest to .the pre-concepfibal child that it should 

■ ■ • ... ■ , .10 5 ■ 
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be placed jSomewheVe else. / 

• • ' ./^ i - • ' ' • • ^ 

r I If we were to 'ook.at tlie perfoniiance of pre-conceptua.l children on' 

double seT^iatfon problems and on questions concerning ordinal correspon- 
aences, i^e.woaid ^ee* simi lar. inconsistencies, -These inconsistenci'bs are 
• revealed in other areas of knowledge as well . For example, if a pre- , 
^conceptual child is shewn-a row of objects and asked 'to count^them-, s/lie 
will not poipr to each object and say a number^ Instead the chjld may 
point to one 'Object arid say three numbers or skip a f^w objects while only 
going up one numeral. The pre-conceptual ctiild does not establish a one- 
to-one correspondence between the series of counti ng> and 4:he »serie^ of 
pointing. Similarly, a pre-conceptual child may thir^k that as a m-?" of * 
blocks is spread out, its number increases. There is\a lack of Luider- 
srt^pd-ing of the co-seriation ; that as the row gets*longer, the space 
between its blo'dks increases. The pre-conceptual child's understanding 
still, relies heavily on appearance. The extended row liok^ longer, there- 
fore it must have more blacks in it. * * ' 

In. closing, we should note the similarity between the pre-conceptual 
coordination of order . relations and class relatidfns, Darrilyn is a good 
example because she is our pr.e-conceptuaJ_s.t^r in^bofT^ 
and seriation videotapes. In classifying, she constructs graphic collec- 
"lions.,. The^problenr lies not in discriminating between two objects on the 
^,si|_£r_some;property , but -nather^- in ^ c^ similarities and 



differences among properties of all and some or .tne CtTertsr- 



^ arri.j yn can_j)_ut J:iigetber-a.-row-^ cf-;^qiiaresr ^ TKis requires di scriminatijig 
(seeing a difference) between souares and non-squares. The row of squares 



21. See Part 3 of ECT: The Development of Quantitative Relations— Conservation ^ 
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ii,' a result of iiuHclving^one , square to another, not thlnkinci of the entire 
collection as uniteJ by -the property "squareness," and thereby separated 
f^n ^hapes tliat 'are*';not squares." She is just as l ikely to form a 



graphic collection such as 





becaus.e ed<:h thing is in some way similar to one of its neighbors. Her 

performance in the seriation task is similar. » ' Rather than thinking of; 

^ ■ " • - ; > ' ... * ^ ; \ 

"short and tall" in terms of -all the sticks,* she thinkb of these^charac- 

teristics only with respect to pairs. This results in an approximate 

series. . She is pleased with her efforts, since its appearance is that 

6f a series ,, ahd as a .pre-congeptual child she reason.s. on the basis of 

appearances .rather thar> an understanding of relations. ^ . 



TrtE INTUITIVE STAGE — SERIES CONSTRUCTED BY TRIAL AND ERftOR 



(Generally six-seven years of age) 
^^E-READ PAGES THROUGH 22 



The discussion of the' intuitive 'stage in Chapter 1, provides a good 
description of this period. The main characteristics are: ^ ^ ' 

1. The 'intuitive stage child;can construct a ■series by trial and., 
error because there is an understanding that each stick must ; 



2. 



be tayier than-all thTTctiTneH^efo^ce,^^ each 
stick must.be shorter than all those that'come before- i-t) ^ 
Children in the intuitive stage have difficulty inserting new 
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sticki> into a series bociUiso tl ey carniot yet simultaneous I v 
consider the relations tnl 1 er-tlian ond shorter-than. 
Again, the method of the child's construction is more rovealinq ttian 
its result^. In f.ict, the result of the intuitive child's efforts to ar- 
range a single series is indistinguishable from that of an adult. ,ln 
Chapter 1, we've explored the character of the intuitive child's methods. " 
It^is based upon an understandi .ig .that "shortest" and "tallest" mean 
"shorter than all the others" or respectively, "taller than all'the others. 
This correct understanding is revealed in the child's concern that each' 
added stick be taMer than all \those'"al ready in the series. And this, 
guidediby visual, judgments aboiit^^ow much tallerfeach added stick should 
be, is sufficient to construct a .series. Th"is trial and error'approach , 
in itself, however, is not what distinguishes the intuitive stage chiTd 
from children in the next stage. • . ^ 

The true character .of a series is such that each, added stick must 
hot only be taller than tjiose before it, ^but al^o shorter than all those to 
follow* This ability to coordinate shortest and tallest, and the re- 
sulting understanding of its logical relationship to a sequence,,- is what 
distinguishes intuitive fro'm operational reasoning. The fact, that this 
coordination is absent in the intuitive child^s reasoning is revealed in 
a number of ways. ^ ' . ' ' 

One is seen in the method of cohs truct-?'on.. ^^^ther than.' proceeding . 
like a concrete-operational child^ forming the series by taking the s»hort- 
est stick' from the pile, then ^the next shortestV and -so on , the intuitive 
child simply starts adding 5ticks that^ave the appearance of being lonjger 
thu.i sticks already in the series. If' one appears "too much longer", it 
might b^ replaced with one that \ooks better. However, if the differences 



between successive sticks are small , judgments based 'upon appearances will 
result in errors. TiiGse errors are .only corrected- after a situ-ation' arises 

n which none of tho remaining sticks are l onger t{ian thns p in thp q p^ips. 

Wiicn this occurs, the child destroys part of the series and begins again. 
Unlike the concrete-operational child, there is a lack of anticipation of 
the relations that wil 1 ultimately hold between membe^rs of the completed 

_ _ ^„ : 

series; that-each^ element wilT be ta'l ler^han' aTl' those before it',., and 
.shorter than al,l those that follow. - ■ 

' A second indication of th^e intuitive-chiY^'s inability to coordinate 
less-than and gree er-than is the difficulty thVch"!ld faces when asked 
to insert additional sticks into the series. Unlike the pre-conceptual ^ 
child, children in the intuitive stage can reason that if a stick is too 
ta>l at one end of the series and too short at the other, 'it belongs some- 
where in the middle. But this understanding .is intuitive, and pursued, 
only . in one direction. The child's .reasoning is something Ti ke the Tol Ibw- 
ing: if a stick is "too short" it must come somewhere before the. stick 
to which it's compared. -The chfld looks for a place where the stick won't 
be '-too short", but can't find it because what determines when the stick 
is no longer "too short" is the point at which it ""S longer than some other 

sticks. Arid this requires thinking of the stick as being, at the same time, 

^* ... 
both short and .lon'g with respect to some other sticks. . . 

Both of the above are clearly illustrated by sixr-year old Brock, in 
the order relations yideotape. . • , • 

Now, it is possible that our analysis^is wrong; that the intuitive 
child understands the order- relations of a series, but is^ simply confused 
by the task of inserting a new stick into the series. ^ The double ..seniati on 
problem, with its^ associated problems of ordinal correspondence, provides 



. the tellirig difference between intuitive and concrete-operational under-*- 
standing. 

Bebe, ou r oth er six -yean old, can arranger the_dj3lls_^^^ 

the series were constru*?^ed with a systematic understanding of order rela-' 
tions, it would also be understood that the double seriation task demands 
no more-- than constructing two series, lining them up so- tha-t the first 
member oT one"TeTiTs~matches th'? first member of the second, and so on. 
However, the intuitive series is not a result of revers-ible mental oper- 
ations. It is something that is formed through trial and error. There- 
fore, Bebe pairs big-looking sticks with big-looking dolls, and ends up 
with an approximate correspondence between two series. When an obvicus-. , 
error is pointed out, such as the bigger of two dolls with the smaller^of ' 
two bats, she recognizes the error and corrects it by exchanging. bats'. 
This trial and error approach, though aciequate for a few- members of the. 
series, will not work, for the total series for there are too many possible 
combinations. Thus, the intuitive child's actual lack of understanding 

becomes evident, ' 

Further indication that. the intuitive child's understanding of order 
relations is still irlcomplete is seen in the problern of ordinal corres- 
pondence. When the.'two series are rearranged so that the spatial location 
of corresponding members is .changed, Bebe has no way of determining which 

•T 

bat goes with which Holl. She matches a doll with. the bat closest to it, 
, demonstrating that like the pre-conceptuaV child, an understanding of order- 
relations is still tied to appearances, rather than abstract concepts.'' 
The idea that the fifth largest doll must still be paired with the fifth 
largest bat is foreign to children of this period. . t ' 
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There are a wide variety of problems which likewise illustrate the 
intuitive child's incomplete understanding and use of order relations,. 

---Some -of-these-probl ems J-nvoT-ve-an understanding of -cause-and ef fect-re-Ta^ — 

tionships. For^'example, a child, might be given a ramp with a number-of 

different sized balls :,and asked to find what determines how far the balls 
will travel after they roll off the end of the ramp, ^ Some children will • 
thTnk the si'ze of the'ball makes a diffe7en7ceT bal]s jump further," 

Yet when they, are questioned, they may believe that a ball that is a littje 
bij: bigger won't go further iJhei'jeas a mlich bigger ball will. There- is a 

- lack of appreciation that if the sizfe of the ball makes^ a difference, then 

each increase in the-series. of size ^iiould result in an increase in the 

23 ■ " ' 

/ series of distance jumped by the ball.. ' • . - 

As has already been pointed out, the intuitive child still rjelies a 
great deal on appearances and canjnot, as yet^ coordi^^^ 
Thius, the chi Id' s .abi li ty -to co-seriate cause and effect is inconsistent. 
^The cause, in\most cases, must be visually obvious for the intuitive chj'ld 
to connect'it to an effect, and even then she/he' cannot use this empirical 
information to project the consequences of variations in the original ex- 
periment. * 

In concluding our remarks on^^^he intuitive stage of seriation, it is 
interesting to note the similarities between the classification and seria- 
tion of children at this stage. In both, there is a systematic use of ' 
"all."- The intuitive stage classes are composed of elements that are al 1 
the same in some way, and an rntuitive understanding of order relations - 



23] Inhelder aq^ Piaget, The Growth of Logical Thinking From Childhood 
to Adolescence . 
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rncorporates the notion that " ta1 1 es t^meahs- taller than all of some set 
of eTernents..' Further, while the intuitive stage child can form classes, 
* the classes ^are still defined'by maximal visual similarity among elements, 
in the class. In other words » classificatory reasoning is still tied to 
appearances during- the intuitive stage, even though the classes themselves 
arp rio longer graphic. Likewise, the intuitive series are s^ill tied to 

the use of appearanees-as-S€ef^-4fi-H45— eons-t-ruet^-on-^^ 

among spatiaTand ordincil correspondences. Lastly, while in both seria- 
tion and classification, intuitive children understand and can coordinate 
some of the relations, they do. not yet conceive of these relations in 
reversible terms. That is, "similarities and differences" are not co- 
ordinated with "all and some";, nor are notions of less-than and greate;f- 
than coordinated with one -another. ' .0 

' THE GONGRETE-GKeRATIONAL STAb 

(generally occuri rig around eight years of * age) 

■ ■■ RE-READ PAGES' 22 THROUGH 24 

Ghapter 1 provides a good descri ption of* the concreie-operationaT 
stage of seriation. Its main points are:' , ' ' - 

1. The child constructs the series with an obvious appreciation of 

order relations, systematically taking the longest (or shortest) 
^ ■ ' .... 

stick from the pile and adding it to the series, This indicates 
an understanding that, the longest stick in the pile becomes the 
shortest stick in the seri es . 

2. An ability to coordinate less^rthan arid greater-than is also 

..- - ■ • ■ ■ 91 
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revealed in the child's ability to insert additional sticks 
into an already formed series; 

Ryan gives a beautifully clear example of the fact that inserting 



a stick" into ttie series requires an understanding that the stick 
' is, at the same time, shorter than those that follow and taller 

J* 

24 

than those before it. • . - . 

In -1^4^)ya-^s- p&r^iF^riua i4:i-4;he--double--^eria-tion-ami-xird1na'l cor re- .. 

'\ ■ ■ • • ■ ■ . . 

"spondence'tasks, we find abundant evidente that the coordination of order 

' . .. . 

relations has achteved a more consistent organization "With entrance into 
the concrete-operational stage. Tanya's approach to tKe bats and dolls 
task is ^^^^^ logically straightforward. She constructs a series, 

of doT- and then seriates the bats, placing the first ;bat on. -the first 

■ ■ . ■ c 

doll, and so forth. When the" bats and dolls are separated and-even re- 
versed^ in order , she s ti 1 1 ' knpws wh i ch:;MiL.beJ^^^^ 



she knows that it is the order of the elements that defines the series and 
^npt its appearance. . Th,e, fifth largest^ doll sti 1 1 gets th'e fifth bat, no 
matter what ..their arrangement may be., This understanding of order re- 
lations enables her to match the right dell to the right bat even after 
the two series have been destroyed. - 

The feature that distinguishes concrete-operational from pre-concep- 
■tual and intuitive sariation is the reversible organization of order rela- 
tions. In concrete-operational thought, "less-than" is understood to be 
' the opposite, of "gr^eater-than" , and both are coordinated with each other- 
. 'to form a-logical or structural whole. Rec'a.ll , that with respect to ; 



24. -See The Growing Mind: The Development of Order Re^laj^ns— Seriation . 
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classification^ reversibility was fatally express e d qg q r e l at ionship 
between the addition, and subtraction of. classes: A + A' = B; B - A = A'; 
B - A' = A. : - 



~~ ~A similar reversible relationship hotds among order relations, except . 
that rather than subtraction, the reverse of the relationship "greater- 
than" is "less-than," For example, if A is greater than B, and B is 
greater than C, then it follows that A is also greater than C: (A>B) -v - 
- (B>C) = ('A>C). 'If you reyers.e one of the relations, for example, snaking • 
C greater than B (C >^B) , . then the formula becomes, (A>G) + (OB) ^ (A>B)' 
or, if you reverse the relationship, between A and B (B>A), the formula 
becomes, (A >C) + (B >A) = (B>C), This last formula simply expresses 
'the understanding tha^ if A is greater than C, and B is greater than A," 
then it follows ''that B. is greater than C, 
^ While t he concrete-ope rat i o nal ch i 1 d . does _n o v. th i n JLn terms ...o f „ 
mathematical formulas or their abstract verbal expressiiOn ,. hi\/her ability 

to construct series, insert elements, into the s:erie:s ,. -Const ruct'^doubl-^-,^ 

series', and maintain ordinal ca*rrespondences , shows a flexibility in 
reversible understanding that is formally equivalent to the above mathe--^/ 
'n^tical expressions. It is this fle^cibility that enables' the concrete- / 
Qperational child to co-seriate the cause and effect elements of a problem 
such as the. one in'volving the balls and ramp which the intuitive child 
could not' .do, ^ ^ " - 

However* if this experiment w.ere presented to ^the Qhil d without . 
telling him/hf^r* which variables make a difference, he/she would qot be 
able to determine whether, it is the weight of the balls, their size, or 
the height of the ramp, that makes the difference. It is not until the 
formal-operational stage that the child can work with the logic of ' • 

' ■ '^3. - ■' ' 
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p osslbili ^ ^- es to formulate q procigo oxporimont. — Furth o rmore^ t he-^oi^ 

crete-operational child's understanding of order relations is yet to be , 
applied to purly abstract concepts. For i ns tance the concept of infinity, 
'oT'bo'urTdTesY"^^ " the f ormal -op~er- ™^ 

. ational stage when concepts of order relations have developed more com- 
pletely. ' ^ ^ ' ^ ' ^ \ 
In suiTvnary, the concrete-operational *^child' s performance on seriation 
. tasks, is indistinguishable from how adults would perform. Hov;ever, as 
pointed out with rtspect to classification" and mental developmer.c in gen- 
eral, it is not the final stage of thought. During the years between,/- 
eight and twelve, : late childhood, there is a continued and progressive. ' ; • 
refinement of toncrete-operational. structures . During adolescence,, there 
is . the eifiergence and refi nement of formal-operational structures and the*^ 
ability to re^sbirs3^"t~em¥fi ; . , . 

. SOME CONCLUDING ^REMARKS ONJJAGES OF SERIATION . / • : , 

Throughout this-unit we have focused, on three stages of seriation 
found in children (four-eight) years of age. Some form of seri ation j s .. 
going on during the first -year of life,' and its brganizatj^Dn cdntinue^s 
to deyelpp through, fate adolescence. . ' . 

One additional and important point should be made. Each of.. the stages 
covers a relatively long period of time^^ pre-conceptual stage from two to 
v.- five years lof age, intuitive' stage, five- to seven years of age; concrete- 
operational stage,' eight-twelve years of age. By now you should be. familiar 
with some of the things that are common to the seriation skills of children 
within each stage. . However, you -should also keep in mind that there is 
progress made by children within stages as well. The two-year-old pre- •.. 
■ . ' . . .94 ' 
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xonceptual child, for example, is less sophisticated, in hfs/her senation 

than is the five-year-old pre-conceptual child. The same holds for chil- 

• . " . ■ ■ * " ■ ... 

dren within all stages. In a sense, development .is: a series of .numerous 

changes, organize d ar ound major changes^in thinking. The three stages . 

covered in this unit characterize the major ghanges. Within each stage 

there are subtle, but observable changes as well. ^ ^ 



■ , . LOOkl^lG FOR STAGES OF SERIATION 



ACTIVITY 10: Reviewing the Videotape as a Review of Stages in Sedation 

In this activity, you will review the videotape on seriation (order 
relations) in order to experience more directly the .distinction among 
/■ the ordinal reasoning of the pre-conceptual , intuitive, and concrete- 
^ :^:operational stagjes-,. . ■ ^ ^ 

■INSTRUCTIONS FOR ACTIVITY J^^^ 

.... — ^1™ "View^^the video tapie^with the fo^lowtagJO" question ^ in mind.""* 

v> You m'^y.want^to stop the tape, rewind, etc. , to ex^amrne^behaviors 

V ' "^bf which you are not sure. ■ • ' ■ 

2.* Use Activity Form E. ^ . - 

.^_3. Discuss the issues with others, so that you can^share insights 

and *|)rofit from things seen by others that you .anight have, missed. 
4. You can ^use the transcript of the tape ( AppeVidix^B) to take notes. 



ti 
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ACTIVITY FORM E: Questions for Reviewiag Seriation Tape. 



. NAME_ 
DATE 



To be used for Activity 10 (page 95) 



1. What are some things that Darrilyn does that shows she has some appre- 
ciation of the concepts "short" and "tall" and their relationship to 
a series? 



2. What evidence is there 'that Darrilyn is in the pre-conceptual stage? 



.3 — What are- some "of— the- things that Bebe does that gives thP' impression 
^ that she is in the pre-conceptual stage? ^ . 



4. What are some of the things thai: Brock arid Bebe do that give the im- 
' pression they are in the concrete-operational stage? [' 



5. WhaV^vidence is the-re that Broc|( arid, Bebe are in the intuitive stage? 



1 1 7 
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6. What evidence is there that Ryan is in the concrete-qperatioTial stage? 



7. How doe^s Tanya's solution/to the double seriation problem differ from- 
. Bebe'.s?' . 



8. How does Tanya's solution to the double seriation problem use the same 
approach that Ryan used to construct a single series? 



9, How does" Tanya's solution of the" Ordinal correspondence problem differ" 
o from Bebe's? . - . • 



•to? 



10. How does Tanyai prove that she has found the right &at for the right 
doll, when the two series have been destroyed? 



113 
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FOLLOW-UP. TO ACTIVITY. "iO: . f 

You will gain the most from discussing your answers with^* others . You 



may also wish to look over these posstbT^^'ariswers^-— 



-+r' What are some things'* that Darrilj<?rt do^^,that shows she has some appre- 

xiation of the concepts "short" and "t^ll" and their relationship to 
>^ a series? , . " 

She constructs an approximate series from tallest to shortest; when ' 
asked, she selects the $mallest of two sticks; when . inserting two ~ ; 
sticks in the series, she makes the first one shorter than the second— - 
one. 

2. What evidence is there that Darril^^'^is in the pre-conceptual stage? 

Y She does, not construct an ordered series; she- cannot insert new sticks 
f V and tends to put them at the ends of the series; she disregards the"' 
- -actual length of the sticks unless thie interviewer points them out to 
her. 'J r-: ; A 



J^-_:JJildL_are:vSO the th1„ngs--that Bebe-doe5^trat"g"i ves tTiq impression 
that S'he is j'n* the pfe-conce(3tual stage? 

When Bebe is arranging, the. b'a£s wi th the dol^ls, she does not arrange 
the bats in an ordered serLes.^:: ^ — ^ \ 



4. What are some of the things that Brock and Bebe do that give the im- 
pression they are in the concrete-operational stage? 

Both Brock- and Bebe— are- able to construct an ordered series. Bebe does 
this with ±he dolls and Brock does it with the sticks. . • 

5. what evid^^e is there that Brock and Bbbe are in the intuitive" stage? 

While Brock can cons truct-'^a series , it is done'^'.by' trial and error and 
he has difficulty inserting sticks into the'existing series. Bebe can 
order the dolls, but does not realize, that the sticks mu^st be seriated 
"as wel^l. Nor does she understand the order relations between the series- 
of doTls and the. series of bats ,. for when -asked to find the. bat for 
the fourth ..doll ,. she pl cks one that is opposite it, rather than se- 
. lecting the fourth bat. ' ^ . 

6. ' What evidence "is there that Ryan, is in the concrete-operational stage? 

■Ryan constructs the series by successively taking the longest stick 
in his hand and pTaging it at the developing end of the series. .' He 
also realizes- that a^st^'ck in the series is shorteV^ than one neighbor 
and ta'l ler than' the next. ' ^ . * 

.119 ^ ■ , ; 
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7. How does. Tanya's solution to the double seriation problem differ from 
Bebe's? 

Unlike Bebe, Tanya realized that the dolls and 'bats must each be put 
into' a series and that the fi rst ^member of one series must be paired 
with 'the first member of the secorrd series, and so on. Bebe, on the - 
other hand, pairs big-looking sticks with big-looking dolls, medium 

---5^4G!cs-_wlth_fTLedi u^ dolls, and small sticks with small dolls. She 

does not cReck to see that~the-biqgest.-sJ;jcJ<^^ 

doll, and so. forth, down to the smallest stick for Ihe smallest doll. 
' . - ■ 

■■' 8." ^ow does Tany.a's solution to the double, seriation .problem use the same 
approach that Ryan used to construct a single series? 

Tanya arranges -the dolls and bats by taking the longest, next longest, 
^ "and so on. This'is the sanie approach Ryan used to seriate the sticks. 

■ 5. How does Tanya's solution^f the ordinal correspondence- problem differ 
from Bebe ' s? . 

Wh^n Tanya is asked to find //hich bat in one series goes with a given 

doll in the second, she counts to determine\the ordinal position, of ^ 

the dolls and then counts to find the bat of the same ordinal posi tion , ' 

______Bebe_dg^^^ poSTi-t-i-on^-b-ut-ratherT^he-Tapp^ar^^ 

ofThe"two series. * " - 

10. V How:. does Tanya prove that she has found the right bat for the right doll 
when^the two series have been destroyed? ' ■ ^ 

Tanya proves that she has the right, bat , by^ showing that the doll is 
the fifth in the series (that there are only four dolls that are smaller) 
and showing that the bat she selected is also the fifth in. the series 
of bats. She realizes that she dpes not need to reqonstnfuct both- 
series in their entirety to solve j^he problem. • 
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ACTIVITY 11: Sharing and Assessing Your Interviews of Children on 
Seriation Problems ^ 



In t\is activity, you will share with others what you did with children 
in Activities S ami 9 (pp. 61 & 65). The purpose is to Took at what 
kinds of evidence you have for the child's stage of seriation and to 
. consider what additional information you could get to help you decide. 

MATERIALS: 

You will need the objects you used for interviewing children in Act- 
ivities S and 9 and the records you kept on Forms A,^B, C, D.. > 

INSTRUCTIONS 'FOR ACTIVITY 11: . ^ ^ ^ 

~ " "^1^^ — YoTr-and-your-fe1 low— learnars^shauld so that group ; 

members are able to share'at least one of their interviews in 
Activity 8 (simple seriattorf wi th insertions) and'Activity 9 ^ 
(double seriation and. tests of ordinal correspondence). - 

2. When demonstrating to ot/ier members iti the group, use the-actual 
- . . material- you used with children and use Activity Forms A, B, C, 

. - .and D to remind you of what you did and how the' chi Id^ responded. 

3. Discuss among each other what the evidence is that leads 'you to 
believe that a given child is in one of tt;re three stages dis- 
cussed, in this unit. ^ .. , 

4. /Discuss the simi larii:ies and .di fferences between children of the 

same approximate age and those of- differe^it ages . 
^ 5. Dtscuss how the interviews went well and not so well. 
6. ^Discuss what kind of information you now realize you failed to get 
and how you will get thi^s information- next time you interview a 
child. / • , . ' ^ 

■ >• " 101' . , . : ' ^^ 

• " ' .• ■ .121 ■ ^ ' • ' ■ ' 



FOLLOW-UP TO ACTIVITY 11 

/ 



• ^ By this point, you have gained a ^ood undeVstanding of some of the 
^roblfems and tasks used to explor'e order relations. Furthermore, you. have 
■leanned to recognize behaviors that reveaj the ch.^racter of the child's 



understandirrg. You have learned, these through^reading, through discussions, 
thij'ough interviewing chi Idren , 'and through viewing the videot^pe^^'In - this 
section, we will briefly 5unjnafi/ze the main things to look for in seriatTbn , 
tasks. For any of the tasks listed on the following pages, you should be 
able ,to answer all of the accompanying^ questions if ypuWe done the inter- 
views correctly and,.if you'-ve.;kept records of . the appropriate behaviors. 

* We'oVe' presented the tasks and their related questions in. a way that 
should be usefuT for keeping records ^on indij/id^jal children. The same sort 
of questions can be applied to any ether seriatiori tasks you mciy wish. to 
^use.v- Jn a following section called "On-c|oing*Assessment," we'll discuss " 
th^^^^use^ of records, in assessing a child' s. development . 



SIMKE SERIATION with INSERTION: CHILD RECORD' 



Your naiTie_ 
Date . 



Child's name^ 
Child's age_ 



Name of child's teacher 



To be used as a record of a child's^ performance on. a simple seriation tasks 

Simple Seriation ^ / ^ 

^ Does 'the child understand the terms "shortest" and "tallest"? . • 
When considering 2 or 3 sticks? Yes N o 

• When ^considering alj_ of the sticks? Yes % No 

How does the child construct the- series? 

• Compari.ng^'Qne stick to 'some af the others? . Yes • • ■H6_ ' * 

• ^Comparing one stick to all the" others? Yes No^^ 

? • Adding sticks^ that are^progressively taller (or shorter)? . Yes > 

Adding sticks, only at the de^veloping ends of the'sferies? Yes 

No ' ' ■ . • ' ■ - 



Are mistakes recognized? "Yes-. 



No 



If'So^how are mistakes • corrected? . 



'What; is the form of the completed series? 
0 A number of small series? Yes No -. 



• One series us:ing all the sticks? Yes ; No ^ . 

• Each element in the series is progressively talle*^ (or shorter)? 
^ Yes No 

• Bottoms even? Yes No_ 



Placing New Sticks into the S-eries 
How are new sticks inserted? 

• Are sticks inserted in their right place? Yes No 

Are. hew sticks put only at the eixis of the series? Yes^_^ No^ 

• . • . ■ 

• Are mistakes, recognized? . Yes ; No^_ * 

.. ■ ■ 

• If so, how are mistakes corrected? 



What stage do you think^ the child is Which other.stage is the child 

in? closest to? 



Pre-conceptual_ 
Intuitive 



Cgncrete-Operati onal. 
Comments: 
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DOUBLE SERIATION: CHILD RECORD^'- 



■ ^ 
Your name 



Date 



Child's name^ 
Child's age_ 



Name^of. child's teacher 



To be used as a record of a child's performance on a double seriation tasks 

Double Seriation 

Does- the child understand the t^sk? 

• Know that the shortest stick goes with the shortest doll? Yes_ 

No 

• And that the biggest stick goes with the biggest doll? Yes 

No ' . , 

How doci^ the child approach the task? ' ■ 

• Attempt to generally give longer bats to taller dolls? Yes 
No • 

• Seriate the dolls or sticks? Yes No 



• Seriate both the dolls and sticks? Yes 



NO: 



• Create two series in which the shortest, next shortest, etc., 
stick is paired with the corresponding shor^st, next shortes,t, 
etc. , doll? Yes No 

• Are mistakes recognized? YesJ^ No 

• If so. How are mfstakes' corrected?^ • 



\ What stage do'^you think the child is in? Whi^ch other sta'ge is the child 
\ . 'closest to? 



'^Pre-conceptual_ 
-Intuitive 



Concrete-operational^ 



Comments: 

.-\ 

w 
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TESTS OF ORDINAL CORRESPONDENCES: CHILD RECQRD 




Your name . ChiTd''s name 

Jlate — — -^—^ — .-^ """"""^ ''^ j i d ' s age_ 

Name of child's teache r , 

'To be used as a record of a child's response to tests of ordinal corres-"*^ 
pondence., 

■■■>> ■ 

To be "done after double seriatibn problem. 

, How does the child approach the problem- when the dolls and sticks are 

in the same order, but one row is spread put? .~ 

■ Unders^fand that the shortest doll gets the shortest stick, and 

the tallest del 1 , the longest stick? Yes No 

it ... * . 

• Pick two that are closest to each other? Yes No 

Count the positions (e.g., "first"', "second", "third"...)? Yes 

No ' 

How does the child approach the problem when the order of the dolls 
and sticks is reversed? . 

• : Understand, that the shortest stick goes with the shortest . doll and 

vice versa? Yes No - . 

• . Pick the two that are closest to each other? Yes No 

"o Count the positions? Yes_ No_ 
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How does the child approach the problem when the two series are" 
destroyed and messed up? 

• Pick one that simply looks right? Yes^ No^^ ^ 

Reconstruct one series? Yes No • 

• Reconstruct both series? Yes No 

• Reconstruct o.nly the necessary parts of one ^r_bn±h_secie-s^? 

~~Tes ""lio ^' 

_ . ■ ■ ■ ■ ' 

-. _ K 

What stage do you think the child is in? Which other stage is the child 

' . closest to? 

Pre-conceptual_ . ' -- - ; - "_ " 

Intuitive . 

Concrete-Operational ' 

■ Comments : '^^ 
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ON-GOING ASSESSMENT 



In Chapter 5, we talk about.^the broad educational implications for 
what you have learned about 'seriation and Pi aget^s- theory in general. How 
ever, before concluding this chapter, we should discuss the importance of 
— es±^b-14sMng--an~X5fPgoTn^^^ assessing all the children in the 

' classroom. By getting to know all your children and by asses^sing the same 
child a number of times during the year, -you can expect to. see a number of 

^ thtngs. . ^ . V, 

— . _ / 

• You will come to see a common pattern to the thinking of all your 
children. 

• , You will find that while the,re are similarities, children also 

differ from each other. For example, children will differ on how 
well they understand your instructions, and this will not always 
be a result of their level of .devel opment. How comfortable the 
child is with you., how familiar the child is with the expressions \. 
you use, etc., are all factors that -will affect the child's per- 
formance. 

Children will also differ in their level of development. Even if 
all the children are in the same stage, some will be just entering 
the stage and seme ready to enter the next stage. 
• You Will find that children who are doing "equally Well" in school 
^. are not necessarily at the same stage in their development.. For 

example, two pre-school children may know their numbers, colors, 
alphabet, etc. equally well, but perform at somewhat different 
levels on seriation tasks. 
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• Likewise, you will find that children may be at the same stage,, 
even though one is doing well in school and the other not so well. 

• Maybe most importantly, you will find that children whom you re- 
garded as less advanced, actually show themselves to be develop- 
mentally as far along as their classmates. On the other hand, you 
might come to realize that the problems a child is haying with 
certain subject matters are the-^result of the child's level of 
development and not necessarily "an inability or unwillingness to 
learn" or an inability on your part to do a "good job" teaching. 

\ . ■ ■ . 

• \ ■ - ■ r . . ' • ■ 

Keeping Records ■ ^ 

To get to know your children in the above terms is important. To 
better see and understand the similarities and differences among your 
-children can only make yoiTa better teacher.. The first step for such in- 
sight comes from keeping records of your interviews with the children. 
This will allow you to compare children, to check your impressions against 
records of actual performance, to see how a child progresses through the. 
year, to get a better feel for the relationships between the child^s per- 
formance (or your expectations) and the child's stage of development, and 
to 'compile relevant information to share with parents. 

A. record fgr-any child should consist of a description of the task 
you used, the. materials, the questions you asked, and the child's res- 
ponses. Such. a record is called a "protocol..'-' The various activity forms 
used while interviewing children are examples of protocol forms. However 
as you become a better interviewer, you will not want to restrict yourself 
to predetermined approaches. One way to keep a protocol record is simply 
to make notes- of what you are doing and saying (as you do and say them) and 
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record what the child does and says. Your protocol record might look like 
the- fol lowing: 



Simple s6riation - 10 blue sticks 


(9.0, 9.8, 10.6, 11.4, 12.2, 13.1, 13.9, 
14.7, 15.5, i6. 3, cm. long) 


SallV Miller 


Octobpr 2 1Q7^ 






Fxaminpr 


Phi 1 H 


Longest. sti ck? 


Correct 


Shortest stick? 


Mistake ; 


Give child two sticks - which is. 




shortest? 


Correct 


Make series from shortest to 




longest. 


Child makes three different 
series. 


Make one series? 




" Child puts the first three 
After I. corrected the series to « • - 

together 

show child the correct series 

Child still makes an uneven 
I- asked: Can you do it like , 

series. 

I did? • 

And so on. ' 
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After you have interviewed the child and vvhile your memory is still 
fresh, you should use your protocol to fill out a summory record of the 
important child behaviors. Record-forms such as those on pages 103-103 
provide examples. With both the protocol and summary , you have a good 
record of the child's performance and a basis for making judgments about 
the child's stage of development and understanding of order relations. 




ADDITIONAL WAYS TO EXPLORE ORDER 
RELATIONS WITH CHILDREN 

All of the ways you've directly experienced-children's understanding 
'Of order relations are only some of the ways Such understandi^ngs can be 
explored. This simple fe.ct is in itself one'.pf the more important impli- 
cations of Piaget's work. It suggests that there is a broad and common 
theme' that underlies a wide variety of activities, ^^e've cajled this ^. 
theme "order relations." Order relations are involved in any activity — 
either mental or phyisieal -- that involves the sequencing of events ^or 
objects . Thi? itieans that you can explore the logic of sequencing in an 
almost encjless variety of .ways. As we've discussecl^ in a unit on concepts, 
all concepts involve the use of order relations, or class relations, or 
both.^^ As such, their expression is prevalent in much of the child's 
activity and .thinking.. As you'develop more, f ami! iarity with their 
expression in a vartety of physical seriation problems", you will become 
increasingly good at seeing their character in children's activities in 
general, including those that make up the subject matter of the classroom. 

It is important to extend your exploration of order relations and 
their development to a broader range of tasks than those discussed in the 
preceding chapters. By experimenting with a variety; of activities^you will 
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see the variations that make order -relations easier or more difficult to^ 
reason about. For example, while a child, may not be able to arrange a 
series of sticks, he/she may be able to draw an accyrate, picture of the 
series. Experiences with a variety of seriation acti vi ties wi 1 1 also give 
you a better feel for the similarities between tasks used to explore the 
natural course of development and tasks that are a part of your teaching 
activity^. Lastly, the more varied the tasks the better you will get at 

(forking with children, learning how they understand your requests . and 
questions, the kinds of inconsistencies they recognise in their own 
behavior and judgments (and those not recognized as-well), and how they 
deal with problems that are recogni^zed but difficult to solve. In short, 
the better you understand order relations and their .se in different types 
of activities, the better you will understand the child's understanding of 
the world ..and how that "understanding is communicated. ' / . 

)a few remarks should be made regarding the 'fol lowing additional acti- 
vities. Most of them- are physical problems or ones requiring the 
prodtjction of pictures. Activities of this character make it easier for* 
the children to express their understanding and ^'easier, for -you to i nterpret 
a child's behavior. More importantly, physical .activities ;involf1ng 
concrete objects provide the context in which the child can do his/her best 
work and with the use of objects and pictures, you see most clearly what 
the child does or does not understand. Some of the problems^ have been used 
by Piaget and his colleagues for assessing intellectual development. 
Almost all of them are more difficult than the simple seriation tasks 

.mentioned in the preceding chapters. The following is a very brie presen- 
tation. To get more^^iffrma^ look up' the indicated references. 
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SIMPLF, SERIATION . ' * 

The standard seriation problem can be interestingly varied by using 
sticks that differ in length" by a non-constant amount. They can be cut 
from balsa wood to form non-straight line series. For example: 



Be careful not to use too man/ sticks (about TO work well), or to make the 
differences in length too small to be noticed (vary between about , 1/1 6*' and 
1/2"). \ ^ 

related task is to ask the child to copy more complicated designs, 
for example: - ' 



. . PiagcC has also investigated the development of serial ordering when 
the objects cannot be seen.^^ Objects of different dimensions (different 
sized circles could be tried) are placed under a cover or behind a screer^ 
and the child is asked to order tliem from largest to smallest. Because of 
the 'di fficulty in identifying size differences without visual aid, there 
should beharger differences between the elements than there are for the 
standard seriation task (a minimum of 1/4 inch ought to do). The wooden 
table blocks referred to in Using Toys and Games with Children , Activity 5, 
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can be easily adapted fpr use here.^' 

Children will have more difficulty when they are called upon to 
anticipate ari ordering without actually arranging it. Here are two 
tasks that Piaget has used to^ study the roT^s of anticipation and per- 
ception. For the first task, a set of sticks, each with a different length 
and color, is mixed on a table. (Cuisenaire Rods can be used). The child 
is given a set of crayons with colors that match the colors of the sticks, 
and is then asj<ed to .draw a picture' of 'how the sticks would look if .they 
vyere lordered from largest to smallest. The problem can be made easier by 
givind the child"an ordinary pencil, thereby eliminating the requirement 
of maintaining the correspondence b-fetween color and ordinal position. 

The second t^sk' requires anticipation without visual cue.s. A set of 
sticks I' s.. screened. After examining them by- touch, the chifd is asked to 
draw Wh£\hey would look like if theyfwere placed in order from largest tcy 



26. *I^|helder and Piaget, The Early Growth -of Logic 
Chapter 9. 

27. This is another unit in the FLS. 



in the Child, 



smallest, for this knnd of problem' feweia,s^ should be used (about * ^ 
' five) with large differences jn. s.t An" injteresting variation is 

ta include some sticks of equal length. 

• Order relationships can also beNtudied that do not involve a sinqle' 
spatial dimension. For example, a child can be asked to copy an ordering 



of dol 1 -clothes on c line.^ 



28 
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The child. is given his/her own laundry and .c1othe.sl ine. Even young 
^. ch.ildren find tf1||^ task easy, so it is a' good place to start. But it 
becomes more difficult if they are asked to producer-reverse ordering or 
one where both ends of the clothesline are connected. ( " 

The* above kind of problem can also -be. presented using d collection of 
beads made into a necklace. And again, the problem can be made more 
' difficult by el iminating- perceptual cues. For example, a' few of the beads 
tan .,be pl§ced on a string and drawn into a tunnel or behind a screen. The 
problem is to predict the order in which the beads wi/l emerge. Or the 
beads can be inserted into a tube and the tube„ rotaty/d 180 degrees. When 

asked to predict the order in which they will emerg^, the child must 

( 

reverse tfje original order. 29 Variations include/using more beads and/or 



EKLC 



•28. Piaget and Inhelder,- The Child ''s Conception of Space . Chapter 3. 

29. Piaget, Jean, The Child's Conception of'Movement arid Speed , 
Chapter 1, - .' 
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more rotations of the tube* 




. There is a more difficult variation of, the single seriation problem . 
that Piaget has not studied directly. This task( al so. involves building, 
staircases with blocks of different lengths. But to produce an ev^^set 
of increments for. each steps blocks of different lengths must be combined. 
The problem is described in Using Toys and Games with Children , (Part II, 
page 123). 

In the same book can be found a series of sequencing games, some of 
which are quite difficult; all require a basic knowledge of ordering before 
the more difficult aspects of the problem can be considered (Part IJ, 
page 217). . ^ ^ . / 
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MULTIPLE SERIATION, PROBLEMS 



A multiple seriation problem; is one in which objects can be ordered 
.,with respect to two or more qualities simultaneously.^*^ When the ordering 
is completed, a partial or complete matrix is, formed. . 
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30. For a complete discussion pf the development of the" ability to per- . 
form matrix multiplication see The Early Growth of Logic in the Child , 
Chapter 10. Generailly, the stage progression develops at the same rate as 
single seriation. 
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The example i.s a simple one. The number of objects forms one dimension, 
wh41e the kind of object is ordered along the other dimension. A more 
standard set of objects usually consists of two quantitative dimensions 
like size and color hue. For example, the child is. asked to arrange four 
to seven sets of different sized leaves, each set having leaves of from 
four to seven different shades of green.' It is a good idea to show vyhat 
is desired by starting the matrix, arrangement for the child. 




The illustrated balls of increasing size and darkness provide an 

> 

additional example of a set of materials that cculd be used. 
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Matrix mul tip! ication problems can be made more or less difficult 
by varyi-Tig the number of categories along each dimension, and/or by 
making the differences along each dimension more :or less distinct. A more 
interesting means for increasing the difficulty is to ask the child to 
complete an incomplete matrix. 
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With this kind of problem, the child is given the remaining cards for 
the entire matrix. From these s/he selects the appropr/iate single card 
and is asked to justify his/her choice. Note that the example problem is 
also difficult because the objects vary with respect to quantities that 
must be considered and ones that must be ignored. 

Another possibility for a multiple series is a set of glass beakers 
that vary in height and width. But since it is difficult to find objects 
that vary systematical ly along two quantitative dimensions appropriate 
objects can be molded from clay or plasticene. 
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. , ' TRANSITIVITY 

i All problems that require a sequencing also require an understanding 
of transitivity. For example, if stick "A" is longer than stiGk"B", 
and; stick "B" is, longer than stick "C", then the adult knows without 
having to compare them, that stick "A" is longer than stick "C". The, 



young child does not know this. S/he can^be given "A" and "B" to compare, 
then "B" and "C" to compalre , . and even young children will make the correc-t 
judgments about relative height in each case. But when asked to make 
judgments about "A" and "C", without actually comparing them, the chi^d 
may not be. able to'answer, or may merely guess. " 

A much more difficult transitivity problem is. one where the infor- 
mation about the objects to be compared is presented entirely verbally, 
that is, without any objects to actually compare. We have already given 
several examples of these. For instance, if Sue is taller than Jane, and 
Julie is shorter +:han Jane, who is tallest? 

The above pro. ems should give you some addi'tional feeling for the- 
importance of understanding serial orderings* Serial ordering underlies 
all quantitative concepts such as height, length, force, hue, weight, and 
time; A good example of a physical concept that results from appropriate 
kinds of ordering is the concept of density.. This concept i's essentially 
an ordering of weight along one dimension and volume along another 

dimension. The density of. any two substances can be compared, by comparing 
their weights for the..same volume, or their volumes for the same weight. 
If two things weigh the same, but^one has a larger volume, then it . is^ less 
dense. 
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A IS denser than B. 
C is denser than B. 
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CHAPTER : 5: 

EDUCATIONAL IMPLICATIONS^^ 



Piaget=s first five books, published in the ]920's were enthusiastic- 
. ally received and widely discussed. In this book you have been introduced 
to some of the ideas, that are discussed in those, works : children's 
thinking progresses through stages ; at each stage. there is a common 
quality to much of their thought; and, prior to middle ^hildhood, children's 
concepts are organized differently than those of adults. However, the 
initial popularity of these findings had li ttleTimpact on American 
psychology or educ.ation,- and between the 1930's and 1960's few people were 
familiar with his work. 

This surprising indifference was the result of a predominate involve- 
ment with Behaviorism^ according to which knowledge is a copy of external 

facts and can be taught through example, practice, correction and reinforce- 
33 

ment.' These views are older than Behaviorism itself, as evidenced by the 
traditional methods of education, such as rote learning, memory exercises 
and teacher-directed activities. Such practices reflect a belief that 
knowledge is memory of past events and that good teaching corrects or 
reinforces student responses to tasks and questions. Most educational 
practice in America today has its roots in history and its theoretical 

31. Portions of. this chapter also appear in Part 1 of ECT. 

32. These same principles are explored in other areas of knowledge by 
the three remaining parts of the ECT series and by the FLS unit titled 
Working withChildren's Concepts . 

33. Langer, Jon^s , Theories of Development . 
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"Rationale in Behaviorism. This, however, is rapidly changing and in large 
measure because of Piaget's work* 

Towards the end of the 1950 's a number of factors prompted a renewed 
interest in Piaget's studies. . For one,-'his general findings seemed valid, " 
yet unexplainable in behavioristic terms , thus^ providing a new focus for 
theoretical psychology'. For another, the topic o.fmental development it- 
self was virtually untouched by behavioral research. The breadth and rich- 
ness of Piaget's preceding four decades of study opened an exciting and un- 
explored area of obvious importance. Lastly, Pi aget brought to. psychology 
a method of study and focus that was beginning to surface in a variety of 
disciplines. Piaget calls this approach "structuralism" and describes it 
as a study of how the parts of 'a system. work together to form the system- 
itself. What you have learned about the development of order relations 
is an example. In order rel^itions the parts of the system are the mental .... 
activities of sequencing objects and events. These acti vi ties are organ- 
ized/to form a pattern or system. As you' ve l^^arned, this system changes 
in systematic ways from one stage to the next. 

Whereas behaviorists regard knowledge as a recording of external ex- 
perience, Piaget has attemp'ted to show that all knowledge has an underly- 
ing organization. .This organization cannot be-taught or recorded from 
examples. It is the, result of the individual's constant regulation of - 
physical and mental activities becoming increasingly systematic and'better 

organized.. The fact that an eight -year old reasons about order relations 

^ ■ ■ ■ ■ ' ■ 

in aduTt-lik-e fashion and the . four-year old does not is not -the result of 

34. Piaget, Jean, Structuralisffl . 1^13 • • , • 
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more experience with adult reasoning. By ordering objects and events in 
ways that are personally interesting and important, children come to organ- 
ize their activities in more systematic terms. As they do, the ordering 
activity inevitably takes the form we regard as logical and adult-like. 

Piaget has created a powerful picture of intellectual development but, 
for the most; part, has left its educational implications to be, explored by 
others.. 'We now know rich and fascinating facts about what children do and 
do not believe.. These facts have obvious educational implications ,. for ed- 
ucation carries as its primary responsibility an understanding of what 
children regard as true. Piaget also provides a technique ""for exploring 
the common patterns of thought in: general. As educators come to usehis 
Hdeas for exploring thinking,^they will be better at anticipating what ,^ 
chWdren can and cannot do and more confident in stimulating and following 
children's thoughts. 

LaVtly^ Piaget' s theoretical account of how children progress in their 
mental development contradicts many commonly held assumptions about think- 
■ ing. In its proadest terms, it sugges.ts that thought is not derived from 
language, though^! anguage serves an important function; that thought is not 
abstracted from ttie environment, but actively constructed in a self-deter- ' 
mined interaction witjh^the environment; that the 'inabi lity of children to ■ 
understand certain trutl;^ is not because of a lack of relevant information, 
but an inability to coordinate information i^n the required fashion. These 
important additions to our bnderstandi ng of thought, suggest educational 
practices that are quite diff^^nt from traditional approaches, the theory 
suggests trusting children in mor^^active and self-directed learning, ask- 
ing their own questions, and findin^g' means of answering them. It suggests 
that interactions betvieen children are as; important as those -between adults 
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and chiTdreff, and that freely exploring the physical and. social- environ- 
nient is as, or Jiiore, important' than sitting quietly and doing one's lessons 
It suggests that children be stimulated to reason .rather than memorize and 
- that they be encouraged to reflect upon their own views arid their implica- 
tions;^ However, because this psychological theory is relatively new to a 
majority of educators, it will take time to fully fashion it into educa- 
tional practice. ■ 

' THE DEVELOPMENT OF ORDER. RELATIONS ^ ■ ^ 
AND. ITS EDUCATIONAL IMPLICATIONS- ^ ' 

When fi rst introduced to the important relationship between seriafi on 
and thought, it is hard 450^0 feel a. responsibility for teaching it. The 
fact that young children seriate so differently th.an adults, and the pre- 
sence of countless educational products des^gn.ed to-teach order relations , 

make? this seem all the^more reasbhable. In some respects there, is justi- 

. \ ■ ■ ' ■ ■ 

ficaiton ^in. guiding children to specific ordering activities, and in other 

respects it is a misuse of energy and possibly- even harmful to the child's 

overall education. ' ' - 

. ■ ■ ■ ■ ' 

It now seems clear that all heal-thy and active children come to- order 

in increasingly systematic w^iys and that by middle childhood these skills 
are logica> from" the adult perspective. It is also fairly wel> <<%cognized 
that it is very difficult to teach children an understanding of order 
relations that is more advanced than one they naturally hold.,. Success in 
doing so is achieved only when children are at a transition point between 
one stage and the next, or., in other words, . when ,they are .close to under- 
standing on their own what. is being taught.- Furthermore, once success is 
achieved, it by no me^ihs guarantees an overall improvement in Lne quality 

, - . : , ■ 128 . . . 
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of a child's thinking. \ 

^ • ■ • ■ • •. . 

On what basis, then, is it reasonable to engage children in ordering 

J.' '■ ' ' ■ " ■ 

*acti\rities suth as seriation tasks? As long as the focus i s on helping 
children explore their own understanding, )::ather than replacing it with 
advanced thought, seriation can be fun anr] rewarding: for teachers and 
chi.ldnen. Moreover, by providing, ordering activities for .children, the 
teacher can get a clearer sense of their level of development and their 
. understanding of the elements they are working with. However, if teachers 
attempt to enforce understandings that are more sophisticated than a child's 
level of development, there is risk that the child will divorce the activity 
from his/her own ability to reason, and replace it witTi attempts to imitate 
and to memorize what is being taught. To separate mental activity from ■ 
reason replaces self-re^lTan^e wi th a dependency upon the teachings of others. 
More iniportantly, it TTiay lead tf\e child to conclude that his/her way of 
thinking and viewing the world isiwrojiig when ^ fact it is' the only way 
that s/he can reason. 

^ - . It seems ^ reasonable to state that, .if anything, the implications of 
Piaget's- theory are to avoid teaching seriation. Why . replace vital aspects 
of education wi th activities designed to advance "reasoning" i n the direction 
it -is destined to take of its own accord? Rather, the effort should be 
directed towards providing children with opportunities to exer'cise whatever 

understanding of order relations they may have and to c;ppreciate the re- . 

■ ' " . ' ^ ■• " . • . ' ' . 

suits of their efforts. -Children will become increasingly aware f but at 

y ^ ■ • ■ ■ ■ .' , ■ ■ 

their own pace; and soon enough, earlier ways of thinking will.be replaced 

by more ddvanceclj, reasoning. * . " ' 

Many American educators have come to the conclusion that if thinking^*" 



progresses through stages, theh it is unreasonable to expect things from 

children that they are not yet ready to understand or do. The notion of 

"readiness" is a popular th^me* in\ American education. "Don't try to teach 

what the child is not ready to lear^n." Piaget's theory suggests that all 

' ■ ■ \\ . . . 

knowledge has organization* and thal^ 'the organization advances through a 

sequence of orderly stages . Thus, the problem is riot to avoid certain kinds 

of knowledge, but rather to examine al'l^ aspects ^of subject matter Jcurri cu- 

Tum) in .terms of the level of understand^^ng being demanded of the child. 

Yhi's is a difficult task because it requires understanding the underlying' 

organizatipn of thought. during all' of the relevant stages , 'and ^ijnderstandlng 

how- these issues Bear on all the subject matter of the classroom. ^\/\ 

this series of four units is an attempt to address part of this proiD-\ 

lem. By introducing you to the character of thought in its- various 'forms 

of organization during the early ch ildhood. years , you will be better able 

to anticipate the kinds of problems* your children will find; diff icul t .qr ^ 

easyf to solve. But ultimately, the answer to 'the- question "What is the 

child capable of doing or capable of learninq?" is determined by the child/. 

By coming to know how to , explore a child's thinking and by respecting the. 

integrity of the child's understanding you will also become more. convince<J 

that the child's own inte^^st, likes and dislikes, best deterniine what s/he 

" / ' . ' • ■ ■ . ■ ' 

is ready to understand. Things that. are too easy or too difficult do not'- 

^ . ^ ' " ■ ■ ■ . •" . ■ ' 

\interest tfie child' nearly^ as. mu the investigation of new problems and 
ideas suggested to the child by his/her own exploration. The natural course 
of'intenigenee is to .find new problems suggested by the solution of old 

ones w ""These problelhs,- and the . knowledge necessary to finding their solu- 

. — y.-. , . . ■ . ^ , ^ ■ . ^ ' 

tiohs ,\ are what the child is ready to learn- .. 



What you have learned about children's understanding of order relations 
between four and eight years of age provides a basis' for anticipating what 
children can be expected to understand. For example., time is a. continuous 
sequence. Because of the inability of pre-operational children'to reason 
systematically and consistently about order relations", their^ understanding 
of time is incomplete and to the adult, illogical. \Piaget has endeavored 
to show that concepts of space,/ number , measurefjient , fehance, cause and ef- 



fect, geometry, proportions, genealogical family relations, hi§-^ory, and 
so on, are likewise dependent upon an understanding of order relations . As 
a result, children generally do not form systematic understandings of these 
concepts until. around eight years of* age. The remaining three units in - 
the ECT series explore some of these areas. The unit titled Working with 
Children's Concepts explores the relationship of classification and order 
relations to concepts in general^ 



OPEN-RESPONSIVE EDUCATION 



Piaget's work has had an obvioUS and significant influence on the / 
teaching' of specific subjects. It is not. in the least unusual to find de- 
, velopers of curriculum materials'* in areas as diverse as music, drama, art,' 
social relations, math, science, and social studies, referring to Piaget 
as the Y'^undation for their suggested practices. 'Yet a more significant 
impact is felt in the contemporary, trends' of open education. Educators are 
increas"^ njly recognizing the need to turn more of | the learning process over 
to the child, to g§t children out of their seats ,' inventing problems and 
solutf or *^. , talking freely with adults and each other, and, on the whole, 
actively participating in decisions as to what to,' study and hov/ to study 

it. • . ■■■'/'■ 
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A number of different educational approaches travel under the broad 
label of "open education." And there are disagreements among proponents 
of individual programs. But what is common to all is a concern with the 
character of the child's activities , ^and there are a number of ways in which 
Piaget's theory bears on this general question. . 

■ 1, Central to the open-education philosophy is a belief that children . 
le^rn best when they have a responsibility for their own learniny. 
Because knowledge is constructed and~made up by the learner, learn- 
ers must develop skills in self-direction and they must be given 
. opportuni ti^es /o approach, prqoloms in ways that suit their indi- 



vidual character . and disposition. Students should be involved in 
selecting projects and ideas to focus on; selecting resources to 
wnrk With; determining when and for how long activities /are pur- . 

.sued; participating in the evaluation of their learning: and in 

.selecting rhe nature of feedback they receive. 

2. Children's interests play an important role in the open-education 
environment. For one, it is- recognized that interests are an indi- 
cation of whether a child is developmentally ready for a subject-- 
as presented. Secondly, it is understood- that interest is a power- 

source of energy for learning. Learning does not take place 

'. ' ' ■■ ■ ■ ■ \ 

without: an active involvement and- this occurs more readily when 

ther^ are genuine and personal interests. 

3. In ope»ji-education classrooms the learning process is an active one 
in thejsensi that chfldren can use a variety of resqurc^^ a 
varieti of learning modes. Rather than learning arithmetic, fb'f*\; 
excimple^y^through rote-practice activities, workbook activities, 
and lip^enina to the teacher, children may be involved in workinn 

/ - . 1 32 . 



with physical objects that represent arithmetic concepts, playinn 
games that involve mathematical concepts, making a movie, story, 
.or play about a mathematical concept, keeping a diary of arithmetic 
used at home, and so on. Furthermore, the nature of the child's 
activities are guided to explore relationships rather than isolated 
fejcts. For example, rather than separately learning that 7+5=12 
and 2+10=12, the child might be led to see the relationship be- 
tween these two formulas; that, for example, if you take 5 from 
the first and add it to the second number in the first formula you 
get the second formula; (7-5)+(5+5)=2+10=12. What do you think? 
Would this principle apply to all formulas in which two numbers 
add up to a third? " ' . ■ 

All education concerns itself with developing an appreciation and 
skill in reasoning. Piaget's theory has provided a' useful insight 
in this regard. He has shown that underlying all reasoning is a 
pattern of organization that can be identified as intelligence. 
As the ciild applies, his/her interests and active consideration to 
events and .objects the pattern or organization undergoes changes 
and evolves towards a more satisfying and encompassing form. This 
course of emerging reason holds for' anv area of knowledge to which 
the mind may be applied. It is s6methin^ that is neither learned 
nor acquired at birth. For reason to take\ts hold, the mind must 
be applied and . chal lenged such that preliminaryMdeas are found to 
be false and wanting. The formulation of beliefs ahcl the seeking 
of means to test beliefs is the exercise of intelligenpe^^^ 
children to imitate the patterns of reason imposed by others^^n 



not serve this function. This principle is appreciated in open- 
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education and provides the basis for many of the practices that 
fall under that heading./ 

5. Open-education proponents stress the importance of social inter- 
. actions among peers. Throughout his career Piaget has insisted 

that mutual cooperation and interaction among children sharing 
common goals and interests is essential to the development of rea-- 
son. This means that children should be allowed to explore con- 
cepts through mutual play, through discussion, through sharing 
points of view, and through attempts to work together on common 
goals. The mutual interests of children are an important founda- 
tion for social and intellectual development and they should be 
built upon in the classroom. 

6, Lastly, teachers in open-education classrooms must jdevelop skills 
and talents that are different from those required of the tradi- 
tional teacher. Open-education is not something that can be pro- 
grammed or packaged in the sense of strict lesson plans or a guided 
series of instructions, such as in workbooks. Open-education re- 
quires a flexible approach in which individual needs can be met as 
they arise, where spontaneous questions can provide the focus for 
an extended project, where new challenges can be proposed as op- 
portunities arise. 

Education, as a question of learning and as a question of society, is 
enormously complex. It is something in which everyone has a share and a 
say, and it is somethina^.that affects and is affected by every factor in 
the human complex. The school itself is as much affected by education as 
it In, turn affects the individual . Every intellectual revolution has . left 

its imprint on the goals and values of the school. How these new goals are 
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achieved IS a matter of technology'; the developing of intelligence through 

doing. The -issue of open-education, as with most other important education- 

-.al iss^nes, is strictly a question of what, individuals in society want and 

■ value. The technology of producing competent students in open-education 

environments is a documented fact. The success of the British Infant School, 

the Bankstreet and Responsive Follow-Through Programs, testifies to the 

ability of open-education teachers to achieve the goals and values of so- 
35 

ciety. The question is whether society wants to adapt the goals of open- 
education. 

Piaget expresses his own view, which is often quoted by proponents of 
open-education: ^ «. . 

The principle goal of education is to create 
men who are capable of doing things, not simply - 
of repeating what other generations have done — 
men who are creative, inventive, who discover. 

The second goal of education is to form minds 
which can be critical, can verify, and not accept 
' ' everything they are offered. ..we need pupils .who 
are active, who learn to find- out by themselves, 
partly by their spontaneous activity, and partly 
through material we s^t up for them; who learn 
early to tell what is verifiable and what is simply 
the first idea to come to them. 



Piaget is a scientist of immense stature. He is truly as much a source 
of intellectual revolution as were Freud, Galileo, and Aristotle. But 
science cannot, and should not, determine values. It can, however, educate 



35. Rayder, Nicholas F. , et al . , Effects of the Responsive Education 
Program: Mew Data . ^ \ 

36. Ripple and Rockcastl e (Eds . ) , Piaget Rediscovered . 
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our values and provide means of realizing the goals we set. for ourselves. 
Through Ptaget's work, extended by countless others who are concerned with 
the nature of intelligence, Ave can see that all children who are active 

come... to .develop increasingly refined expressions of intelligence. This 

happens irrespective of schools. It 'is the inevitable result of mental . 
activity. But the question of school is critical and goes beyond the de- 
velopment of intelligence or reason in the abstract. School is properly 
concerned with the nature of subjects to which the intelligence is applied. 

What Piaget suggests and practitioners have shown, is that classrooms 
and schools can be created in which students f'jnction with freedom in a 
climate of honesty and respect and still achieve what is expectod by the 
society into which they must be absorbed. What is surprising to many seems 
obvious to others: intelligence directed and followed by interes^ leads 
to learning what .society expects. 

It is^ a myth to. think that children are innately opposed and fore-ign 
to reading^ writing, and arithmetic. These are simply society's ways of 
t-eprcsanting forms that intelligence naturally takes. Children develop ij 

^their lingmsc^'c intelligence, and reading and writing are simply shared 
ways of expressing this intelligence. Likewise, children develop in their 
understanding of class and order relatioiis. Arithmetic is no more than ; 
socially, shared ways of expressing this intelligence These shared systems 
are conventions and not intelligence itselfii Conventions must be learned 
from others.. But is is the nature of people, and especially children, not 
to learn from others if in so doing one is demeaned, embarrassed, ridiculed, 

or demoralized. Only by personal interests free from fear and supported by. 

m. ' ■ ■ 

:)thers can children be expected to share and extend the exciting forms of 
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rlional and collective intelligence. Open-education at its best, sets a stage. 
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SERiAtiON MATERIALS 
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APPENDIX A; SERIATION MATERIALS * 



The following is a description of materials to useA'n simple seriation 
tasks, insertion of new elements into a series, double seriation and 
tests of correspondence. 



SIMPLE SERIATION: WITH INSERTION: 



Dimensions 



Set I consists of lO sticks increasing in length by 8^ mm. The 
sticks are 9^, 9^, 10j5, VL±, 12.2 , 13.0, 13,8 , '14.6 , 15.4 , 
16.2 cm. in length. \ 
Set II consists of nine additional sticks that can be inserted 
among the 10 sticks in Set I. Each of the nine sticks is* longer 
by 8 mm*. The nine sticks are 9A, 10.2 , 11.0 , 11.8 , 12.6 , 13.4 , 
14.2 , 15,0 , 15.8 cm. in length. 



Material s 



You can construct the sticks out of any material that is*; rigid 
and easy to handle. Wood is ideal. You can use molding '^from 
a lumber yard or other pieces of thin lumber. Hobby shops may 
have more appropriate materials. You can use other substa^nces 
such as thick cardboard, pencils cut to length, etc. The sticks 
in set I are painted a di fferent . col or than those in set II\. 



DOUBLE SERIATION: 



Dimensions 



Dolls: There are TO dolls, each longer than the next by 8_ mm] 
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The 10 dolls are 9^, 9^, 10.6 , 11.4 > 12.2 , 13.0 , 13.8 , 14.^, 
15.4 , 16.2 cm. in length. They vary proportionately in width 
so that they maintain the*^same appearance even though their 
length changes. 

. Sticks: There are 10 sticks, one for each doll. Each stick is 
longer than the preceding one by 4^ mm. The 10 sticks are 4.5, . 
4.9 , 5. 3 , 5.7 , 6.1 , 6.5 , 6.9 , 7.3 , 7.7 , 8.1 cm. in length. 

Materials 

The dolls are cut with a jigsaw from 1/4" wood. Thinner material, 
such as cardboard, balsa wood, or linoleum will also work. . 
The sticks can be m;ade out of balsa wood used for constructing 
models. This can be found in any hobby shop. Other material 
can. be used as well, such as pencils, pieces of wood, etc. 
The dolls are painted one color and the sticks another. 
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/APPENDBX B: 

TRANSCRIPT OF VIDEpTAPE 



The Growing Mind: The Development^ 
of Order Relations - Seriation.- 



io2 




In this film we examine the understanding 
and use of order relations. These rela- 
tions are involved whenever objects, events, 
or experiences are sequenced. Some form 
of sequencing is involved in all reasoning. 

The work of Jean Piaget shows that child- 
ren progress through a number of st§ges 
in their understanding and use of order 
relations. Order relations always concern 
issues of less than and greater than. In' 
*this film they are revealed as children 
arrange objects in a series from shortest 
to longest. • ~ 

Darrilyn is nearly five and is in the pre - 
conceptual stage . She considers the sticks, 
as either long or short;. ' By starting with 
and continuing to add long looking sticks, 
Darrilyn forms an approximate series. To 
construct a uniform series, each stick must 
be shorter or<^ longer than one and only one 
of its neighbors. Children in this stage 
cannot yet coordinate these relations'. ^ 

After being helped to build a uniform series, 
Darrilyn is given three yellow sticks to 
be added. She thinks of the sticks as either 
short or long. If the stick appears long, it 
is put at the tall end of the series. It*s 
exact position is not important. 

Darrilyn sjiows some appreciation for order 
relations since she raises the sticks so 
that the first is shorter than the second. 
However, she disregards the length of the 
sticks , 

When prompted^to insert/^e two sticks in- 
side the staircase, Darrilyn»places the 
shorter of the two lower in thS series. When 
dealing with two sticks^ he undersrtands that 
the shorter one comes first. 

If the ^^tick is not the shortest, it's a tall 
one and belongs with the other tall sticks. 

' ■ - , w 

If it's too short, it's, a short stick: The - 
fact that, it is both too long and too, short, 
does not suggest to Darrilyn that it belongs 
in the middle. 
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Brock is one year older than Da.rrilyn, 
and in thfe intuitive stage . 

Like Darrilyn, Brock realizes that if a\ 
stick is too short, it comes before the ^ 
stick to which, it's compared. However, 
he is different from Darrilyn in that he ■ 
can place. it so that it is also longer than 
all the Suicks'that come before it. 

"B^ck removes the big ones and adds sticks 
only at the end Q,f the developing staircase. 

He proceeds by trialand error, children in 
the intuitive stage can produce a uniform 
series 'by trial and error as Brock does. 

Each added stick is longer than all those 
already in ttie series. If it appears too 
long, he replaces it with a shorter one. 

Brock's selection is based on whether the 
staircase looks even. This approach does 
not require an understanding that each 
stick 'is at 'the same time botjr longer , 
and shorter than its neigKPors. 

,Bebe is seven years'old and also in the 
intuitive stage . 

.1 . ' ■ 

She |ias been asked 1;o find the right bat 
for ^ach baseball player. 

This^is-^a double seriatiori problem re- 
quiring the coordination of two series. 

Without being told, Bebe has a general 
understandfing that, taller dolls get larger 
bats. But. she d6^s not understand that 
the tallest bat must be given to the tallest 
doll and so orf down to the shortest bat 
for th.e shortest doll. 

Like Brock, Bebe thinks of the materials 
only as big, m&dium sized andsmalj. 
Consequently she pairs big, medium and 
small dolls with similar sized ba.ts,. 
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. She can correct part of the serie^s by 
giv''i.g the longer bat to the taller 
of two do! Is. 

Bebe can easily arrange the dolls in a 

■ uniform series. She uses the same trial 
and error method shown earlier by Brock. 

After arranging the dolls, Bebe gives them 
their bats.. Her effort yieljds an approximate 
double series. 

Bebe's corrections are in the right direction; 
. taller dolls for longer bats and so on. But 
they are only partial. The dolls and bats 
are not thought of as two series that can 
be aligned with r;ach other. \ 

Bebe has been helped to correct the double 
series. The dolls are now sp. u^ad out 
and she is again asked to find thV right bat 
for each dol 1 . - \ J 

Bebe's conception of the two series does not 
imply an ordinal correspondence such. that 
the fourth doll gets the fourth bat. Instead, 
she picks the bat that is closest to the doll 
in question. This shows that the concept of 
order at the intuitive stage is stilKtied 
to spatial positions. \ 

Ryan is eight years of age and at the concrete- 
operational stage of development. .He approaches 
the task systematically, knowing that by placing 
the longest stick in his hand at the lower end 
of the series, he can construct an ordered rela.- 
tion of increasing and decreasing heights. 

Ryan ' s conception of order relations leads him 
to note that the stick is both Tong'er and 
shorter than its neighbors. He uses this infor- 
mation to determine its position. 

While first making a mistake, he quickly 
corrects himself C^y again coordinating rela- 
tions of less than- and greater t'>.v:.. The 

■ concept of middle has now taken j'l a pr^ecise 
meaning. 

165 
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Tanya is almost eight and also in the 
concrete-operational stage . She knows that/ 
to find Ithe right bat for .each baseball y 
player', ishe must establish two series and 
then yel|dte one to the other. 

Having Jrranged the dolls, Tanya creates the 
double. s!er1es by taking the longest of the 
remaininlg sticks and placing it on the tallest 
of the remaining dol 1 s. 

] ' 

Having formed =a double series with an under- 
standing' of ordinal position Tanya can easily 
ideterminje ,which„. bat belongs to ;which doll 
even though the series are reversed. 



Tanya realizes that the problem requires 
re-constlructinc 'he series of /dol Is and bats. 

! ■ ■ ' ■/ ' 

She mentally reconstructs ithq/^eries of dolls 
without ;the 'need of physical/1 y arranging them. 



Ryan 



Like 
typical 

She reconstructs 
to prove 
'for the 



Tanya shows a mental- fl exibil ity 
of the concrete-operational stage . 

a portion of the two series 
that she had chosen the right bat 
dol 1 in question. 



Most four- and 'five-year olds are in the 



pre-conceptual stage and" 



as either long or short, 
and continuing , to add lonci 
Darrilyn constructs an approximate series. 
However, like all children 
ceptual jstage, she does not compare sticks 
to all those remaining or fill those already 
in the sleries 



dnffder the sticks 
By starting with 
-looking sticks. 



Because the sticks are considered as. either 
long or short, children .in this stage typi- 
cally pl^ce new -sticks only at the ends of 

Tries. i.By disregarding the actual length. 

■ e sticks are arranged to gi\e the visual 
/pressiop of a series: 

Most six and seven-year, olds ar^ in the j 
intuitive Istage and knov that ea\ch successive 
stick musti' be longer. This and ^ concern foV^ 
evenness results in a uniform series. Howeyer, 
the series is built by trial and ^$rror and 



not by an understanding that \each added 
stick is both longer than .an\ those before 
"tt and shorter than all tliose\that will 
foHow- \ 

Brock \s .beginning to struggleywith the 
relatiorV of middle. Middle lies somewhere 
between two extremes. He does not under- 
stand that a middle stick is" both longer 
and shorter than its neighbors: . . 

The double seriation problem reveals more 
aboutthe intuitive child's thinking. 
Medium sized sticks are matched by trial 
and error with medium sized dolls, • Child- " 
ren in this stage do not grasp the nec-' 
, essity of constructing two series and 
matching one to the other. 

Spatial, and ordinal position are not ^ 
distinct in the intuitive child's thinking, 
Bebe confuses the two and picks the bat 
that is closest to the doll. 

Around eight years of age, most children 
enter the concrete-operational stage and 
can systematically coordinate relations 
of less than and greater than. Ryan under- i 
stands that by taking the longest stick .. ' 
in his hand, it becomes the next shortest 
stick in the staircase,.. By this method he 
constructs an ordered series. 

This method of seriating implies a systematic 
conception of order relations. This character- 
istic of concrete-operational thought is further 
revealed in Ryan's understanding that if a stick 

^i^. shorter than one and taller than another, 

it belongs between the two. 

Children in the c oncrete-operational stage 
approach the doubie seriation problem system- 
atically. — They think of the dolls and bats 
as two series and order them so that' the " 
first member of one series Is matched with, 
, th^ firs t. member of the other, and so on. 

Children in this stage can also perceive the 
ordinal correspondence between the two series, 
even when they are reversed'. The fifth longest 
, stick goes with the fifth tal lest doll . At this 
stages ■ ordinal cind spatial posi tions are not 
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confused with each other. 

Even When both series are destroyed, 
Tanya can maintain the ordinal correspond- 
ences between dolls and bats. To deter- 
mine which bat goes with a randomly selected 
doll, she reconstructs the double series. 

We have examined three stages in children 
between four and eight years of age. These 
stages are universal and passed in the same 
order by children from diverse cultures and- 
backgrounds. Other stages occur through , 
adolescence. 

Before reasoning like an adult, the child ^ 
must pass through earlier ways of thinking.! 
These earlier ways seem incorrect from the 
adult view, but- are perfectly reasonable 
to the child and must be experienced if j 
more adequate forms are to emerge. 

Ill this film, we have examined one area of 
development. Other films in this series 
coyer additional; topics on cognitive 
growth. 
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APPENDIX C: 

REFERENCES AND ADDITIONAL RESOURCES 



A 
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Some of Piaget's Translated Works 



These earliest of Piacv?t'rr books cor^^ern the oeneral character of 
children's thinking betwe^eii three and eight years of age. as revealed in 
either natural observations or discussions with children. At the time of 
their writing, Piaget did not regard them as important works, and he later 
criticized them fo*- t^.e^r dependence on the child's verbal reasoning^' . 
However, these books set the stage for much of his later work d.nd provided 
the i'oundation for public interest. Of his major descriptive works, these 
are probably the most readable. The works are listed in order of their'"'* , 
original French publication dates. . .. . 

(1923) The Language and Thought of the Child . New York: Meridian, 
1955. : 

♦ (1924) Judgment and Reasoning in the. Child . New Jersey: Little- 
field, Adams and Co., 1966. 

(1926) The Child's Conception of the World . New Jersey: Little- 

field,. Adams and Co., 1965. 

(1927) The Child's Conception of Physical Causality o- New Jersey: 

Littlefield, Adams and Co., 1965. / 

(1932) The Moral Judgment of the Child . New York: Collier, 1962. 



These three books express Piaget's major observations on the mental 
development of infants. The Origins of Intel 1 igence provides a theoretical 
model of sensory-motor ihtel 1 igence. The Construction of Reality describes 
the first understandings of space, „time, objects, and causality. The 
original French title. Origins of the Symbol , suggests the underlying 
focus of Play, Dreams, and Imitation in ChTTdhood . Each of these three 
books will probably disappoint the casually interested reader. The 
Construction of Reality is the easiest of .the three to read.^ 

,(1936) The Origins of Intelligence in Children . New York: Norton, 
~ 1963. ~^ ' ' 

The Construction of Reality in the Child . New York: Basic 
Books, Inc. , 1954. . , 

Play, Dreams, and Imitation in Childhood . New York: Norton, 
1962. - ~ . 



(1937) 
(19^6) 



• These works provide information on ;the development of order, rel ations 
in children and/or. seriation activities. ^ 
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The following books make up the largest single rocus in the study of 
cognitive development. In them, Piaget explores the development of 
logical and sub-logical thought between four and 12 years of age and its- 
expression in a broad cross-section of knowledge. Each is composed of a 
rich array of concrete-manipulative experiments and. the corresponding 
responses of children. The Growth of Logical Thi.nk,ing is. Piaget' s^ major 
work on formal -operational thought. The beginning Piaget student will find 
the descriptions rich and readable, though tedious. The theoretical 
accounts are highly abstract and complex. 

The Child's Conception of Number . New York: Norton, 1965. 

The Child's Conception of Movement and Speed . New York: 
Ballantine, 1971 . ' ] 

The. Child's Conception of Time . New York :^ Basic Books, 
. Inc. , 1969. 

Piaget, Inhelder, and Szeminska, ' The Child's Conception of 
Geometry . London : Rout^edge and Kegan, "1960:^ 

Piaget and Inhelder, The Child's Conception of Space . New 
York: Norton, 1967. 

; , The Origin of the Idea of Chance in Children . New 

York: ; Norton,^ 1975. 

Inhelder and. Piaget, The Growth of Logical Thinking from 

Childhood to Adolescence . New York: Basic Books, Inc., 
J9W. 

■ i ->.=-, 

, The Early Growth of Logic in_the Child . New York: 

W. W. Norton and Co., Inc., 1964. 



The following books provide ^in overview of Piaget's theory and his 
general views oa Ihe r.aCure of knowledge. The. Psychology of the Child 
provides his best -;n\trociuctory overview of development between infancy 
and late adolescfc'Ke.. As suggested by their titles, two of the books 
present Piaget's thoughts on education.- They do not provide simple 
educational prescriptions. ^ , 

(1939 & 1965) " Science of Education and the Psychology of -the. Child , 
f . New YoFFl Viking, 1971. ~ 

, (1947) The Psychology of Intelligence . New Jersey: -LittTefield, 
. Adams and Company, 1963. 

(1948) To Understand is to Invent: The Future of Education . New 
York: Grossman, 1973. 

(7964*) Six Psychological Studies . New York:. Vintage Books, 1967. 



1941) 
1946) 

1946) 

1948) 

1948) 

1951) 

1955) 

1959) 
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• (1966) Piaget and Inhelder, The Psychology of the Child . New York: 
Basic Books, Inc.", 1969. 

(1968) Structuralism . New York: Harper and Row, 1971. 

. (1973) The Child and Real ityr^^Probl ems of Genetic Psychology . New 
York: Grossman, 1973. 



Piaget as Seen by Others 



V These five books provide an overview of Piaget's theory and his main 
findings. Pulaski's and Phillips' woVks are probably the most readable by 
lay persons. The book by Ginsburg and Opper is an excellent overview of < 
the main stages of development from infancy to late. adolescence. The 
books by Boyle and FlaveTl focus more on the formal aspects of Piaget's 
.theory and are probably more. useful to the'^ advanced student. Flavell's 
book is a classic American iriterpretatidn of Piaget's 'general theory. 

• Boyle, D.. G., A Student's Guide to Piaget . London/New York: 

Pergamon Pres^, 1969. . , 

• Flavel 1 , John H/, The Developmental Psychology of Jean Piaget . 

Princeton, New Jersey: Van Nostrand, with a fareward by J. 
- Piaget, 1963. 

• Ginsburg, Herbert, and Opper, Sylvia, Piaget's Theory .of Intellectual 

Development: An Introduction . New Jersey: Prentice-Hall, 

1969. ■ '. ~; 

• Phillips, John L., Jr., The Origins of Intellect .' - San Franci.sco: 

W. H. Freeman, 1969. 

t ■ 

• Pulaski ,. Mary Ann Spencer, Understanding Piaget : An Introduction to 

Children's Cognitive Development , New York: Harper and Row 
. Inc. , 1971. r~ ^- ■ 



ERIC 



The book by Isaacs- is a good ' introductory presentation of quanti- 
tative concepts (number, measurement, time, etc.) between four and*eight 
years of age. Brearly and Hitchfie'id provide a similar treatment of 
additional tppjc^.such- as space, morality and .science. 

- Brearley, Molly and Hitchfield, Elizabeth, . A Guide to Reading Piaget , 
New York": Schocken Books, "1966. 

• Isaacs , Nathan, A Brief Introduction to Piaget . New York: Agathon 
Press i^97T. 
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Dasen's article explores the relationship between culture and know- 
'^Jedge,' Furth provides a rich and insightful presentation of Piaget's 
%neral theory. 'He includes seven short papers by Piaget, Langer 
deiif^ribes three predominate views on mental development: behaviorist, 
struC^i'Uralist, and analytic. Ripple and Rockcastle edited the presen- 
tationC, of a large American conference on Piaget. They include four 
papers %/Piaget, a number of theoretical papers on education, and a large 
number of'^T^pers concerning curriculum projects based on Piaget's theory. 
The papers % Piaget are. informative and quite readable. 

Dasen, PierV^.R,, Biology or Culture? Interethnic Psychol ogy-'^from' a 
Piagev^'an Point of View, Canadian Psychologist , April 1973, 
T4 (2), 149-166. 

Furth, Hans G., Piaget and Knowledge: Theoretical Foundations , New 
■ Jersey: Pren.tice-Hall 1969. 

LanrgeXj Jonas, Theories of Development , San Francisco: Holt, Rinehart 
and Winston, Inc. , 1969. ^ 

Ripple> Richard R. and Rockcastle, Verne N. (Eds.), Pi aget 

Rediscovered: A Report of the Conference orf Cogn^i ti ve 
. Studies and Curriculum Development . Ithaca: School of 
Education, Cornell University, 1964. ^^"^--^^ 



These vvorks... reflect some of the research studies directed toward . 
refining and clarifying Piaget's theory and its impl ications , 

Almy, Millie, with Chittenden, E, and Miller, P., Young Children's 
Thinking: Studies of Some Aspects of- Piaget's TheoryT " 
New York: Teachers College Press, Columbia Universi^ty, with 
a.foreward by J. Piaget, 1966. 

o and Associates, Logical Thinking in Second Grade . New York: 

Teachers College Press, Columbia University, 1970. 

Das'^en, Pierre R. ^ Cross-Cul tural Piagetian Research: A Summary, 
. Journal of Cross-Cultural Psychology , 7^,'- 1972, 75-85. 

Elkind, David an .veil, John H.-^Eds.), Studies in Cognitive 

Develop .:r :: Ejsays in Honor of Jean Piaget . New Yo'rk: 
Oxford University Press, 1969, 

. ^ Hyde, D. M. G. , Piaget and Conceptual Development: With a Cross- 
Cultural Study of Number and Quantity . London: Holt, 
Rinehart, and Winston, 1970. ~' 

Kofsky, Ellin-, A Scalogram Study of Classificatory Development, 

■L ogical Thinking in Children: Research Based Qn Piaget's 
Theory. Irving Siegel and Frank Hooper (Eds. ) , New York: 
■ Hoi t, Rinehart, and Winston, Inc., 1968. 
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• Siege! , Irving, and Hooper, Frank (Eds.), Logical Thinking in 
^ Children: Research Based on Piaget^s Theory , New York: 

Holt, Rinehart, and Winston, Inc., 1968. 



Piaget's Theory and EducatBon 



The following books and papers present a range of views on the 
general implications of-Piaget's >theory for education. The book by 
Schweibel and Rath prese^nts a number of readable and excellent articles 
by.variousPiagetian scholars. 

Alward, Keith R., The . Impl ications of Piaget' s^ Theory for Day-Care 
. Education.^ Child Care: A Comprehensive Guide. Stevahne 
Auerb&ch Fink (Ed.), New York: Behavioral Publications, 
.1973. , . . • 

- — — , A.Piagetian View of Skills and Intel lectual . Development in 
the Responsive Model Classroom. Non-published paper. Far 
West Laboratory, 1973. . 

Duckworth, ETeanor, Piaget Takes a Teacher's Look, Learning' ,' 
' ; October 1973. • - 

Furth, Hans G., Piaget for Teachers . New Jersey: Prentice-Hall, 

1970. , - — -^'^"^ 

-r , and Wach, ,H., Thinking Goes to School: Piaget's Theory in 

Practice . New York: Oxford University Press, 1974. 

/ Kamii, Constances and De Vries, Rheta, Piaget for Early Education. 
^ The Preschool in Action . R. K. 'Parker (Ed.), BostoVi:/ 
Allan and Bacon, 1974. ^ " . 

Kohlberg, Lawremfe,' Cpgni ti ve Stage and Preschool Education, Human 
Development , 1966, 5-7. 

' The Concepts of Developmental Psychology as the Central Guide 

to Education. Proceedings, of the Conference on Psychology 
and the Process^of Schooling in the Next Decade 
Al ternative Conceptions . Maynard D. Reynolds (Ed.), 
• Leadership Training Institute — Special Education, 1970. 

• Schweibel, Milton, and Rath, Jane (Eds.), Piaget in the Classroom . 
New York: Basic Books, Inc., 1973. 

Sharp, Evelyn, Thinking is Child's Play . New York: Dutton, 1969. 

Silberman, Charles, E. (Ed.), The Open Classroom Rec^der . New York: 
Random House, 1973. 
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Si me, Mary, A Chi Id Is Eye View: Piaget for Young Parents ?rTd~ — 

T eachers , New York: Harper and Row, 1973, 

f ; — - . 

These books reflect a number of efforts to prepare teachers to 
interview children in areas of cognitive development. Lavatelli's work 
is well known but criticized by Piaget for her suggestion that training 
children to perform on Piagetian tasks is- an appropriate educational goal 

Alward, Keith K.l Exploring Children's Thinking: Part 1 The 

Development of Classification , A FLS Unit, San F;ranc-isco: 
Far Wesli Laboratory, 1975. " \ 

' • , Explori-ng Children's Thinking: Part 2 -- The Development of . 

Order Rejlaitions -- Seriation , A FLS Unit. San Francisco: 
* Far West, Laboratory, 1975. . 

— Working with Children's Concepts , A FLS Unit. San> Francisco: 
Far West 'Laboratory , 1975. 

and Saxe, de.off rey B. , Exploring Children's -Thinking: 

Part 3 --The Development of Quantitative Relations 
Conservation , A FLS Unit. San Francisco:^ Far West 
^ ^ -tatj.oratory, 1975. ^ 

• Fogelman, K, R., Ptagetian Tests for the Primary School . National 

Foundation for Educational Research in England and Wales, 
1970. ^ . 

• Layatelli, C, Piaget! s Theory Applied to an Early Childhood 

Curriculum. Boston: American Science and Engineering, Inc 
" ^ T970;: " ~ ^ r 

. , Teacher's Guide to Accbnipany Early Childhood Curriculum: A 

Piaget Program . Boston: American Science and Engineering, 
- Inc., 1970. . 

Lowry, Lawrence, Learning'^ About Learning . Berkeley : Uni vers i ty of 
California, 1974. 

The following present some materials, acti-vi.tiesl,^_arid suggestions 
for working with children. 

Attribute Games and Problems. , Elementary Science Study, Education 
Development Center, Inc., McGraw-Hill. Book Co., Webster 
Division, 1967. 

• Cuisenaire Company of America, Inc. .12 Church Street, New Rochelle, 

NY 10805. 
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Ehnever, L. , and Harlen, W, , Wi th . Objectives in Mind: Guide to. 
Science 5-13 . Ldndorii Macdohaldi Educational , 1973. 

Golick, Margie, Deal Jte-4fi— .4j^sQ of Play itiq Cards in Teaching and 

Learning . . New York: Jeffrey' Nortpn Publishers, Inc!, 1973. 

Nimnicht, G., et a1.. U sing Toys and Games lyith Children , A FLS 

Unit. San Francisco: Far West Laboratory, 1975. " . 

Nuffield Mathematics Project . New York: -John Wiley gnd Sons, Inc. 

Richards, Roy,. Early Experiences: ^Beginnings A Unit for Teachers . 
Londonl Macdonald Educational, 1972. '. ' 

' ' ■ 1 

iWeikart and the Responsive Program Staff pn^sent two different 
broaci applications of Piaget to early childhopd education. Both are 
models for the National Follow Through Program. The Responsive Model 
Prograiri has been implemented ih hundreds of Classrooms throughout the 
U.S. p by Rayder; et a1., presents some of the findings on the 

effects of the program. ^ . ^ 

Raider, .Nicholas F^. , et a1., Effects of the' Responsive Education " 
Program: New Data. San Francisco': Far West Laboratory, 
1975. 

Respi)nsive Educational Program Staff, A Description of the Responsive 
Education Program . San Fra n ci s co': Fa r . We s t La bo ra to ry , 
1976. I 

Weikar^;, Dayjd P.; Rogers, Linda; and Adcbck, Carolyn, The Cogni- - 
\ tively Oriented Curriculum: A Framework f^or Preschool 
\ Teachers . Urbana: University gf Illinois, 1971. ^ 



Films. and Videotapes 



CRM Educational Films, Cognitive Developinent . (20 minutes) 

Available from CRM Educational Films, 7838 San Fernando 
; Road, Sun Valley, CA 9f352. 1 ^ . 



Davidson Fi^lms, Piaget's Developmental Tlheory : 
Classification . . _(19, mi nu tes ) ' / 
. Conservation . (29 minutes) -^^ 
Formal Thought . (33 minutes) I • 



Growth^ -of Intelligence in the Pre-school Years , (31 miputes) 

Jean Piaget: Memory and Inte11i9eni!:e . (44 minutes) 

Available through the University of^ Gal ifornia Extension 
Media Center, Berkeley, CA 94720. V'-' 

Far West Laboratory, The Growing Mind: - A'^Piagetian View of young 

Children : ' ^ y "^V 

The Development of Classification . (30 minutes) 

" The Development of Order Relations -- Seriation . .(27 minutes)^ 

The Development of Quantitative Relations Conservation , 
(32 miQutes) ^ ~' \ ~~ ^ ~' 

The Development of Spatial Relations ^ (29. n^inutes) 

Available through the Far Wes-t Laboratory, 1855 Folsom^ 
Street, San Francisco, CA 94103. 

Phoenix Films, Learning About Thinking and Vice Versa .. (32 minutes) . 
Available through Phoenix Films, 743 Alexander Road^, 
Princeton, NJ 08504. / 

« ' ' , . ' ■■ . ^ • V. 

The Jean Piaget Society, Equilibration . (35 minutes) Available 

through The Jean- Piaget Society, Box 493, Temple ^Univeriity, 
Philadelphia, PA 19122. . I 
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TrtE^iE^VWsf FOR EDUCATrONAL RESEARCH 

AND DfeV^l^PMErvn''s gbal|islo ro^^ to the improve- 

: ment of educational 
meht and service a^^^^^^ of 220 wprks to hefp children 

y- • . and adults have more af.d better opportunities to learn. 

Educational development Is a>ew discipliaie. It involves, first, focusing orvan 
important but specific area in need.of improveriient and then inventing, field 
testing, and providing a jgenerally useful so u« to tliat problem orneed. The 
solution may be:a-new selfHContained p^^ process or 

System to be used by educators; by studems^ by/parents/or by all of them 
. together. /; ». 

AirLaboratory produids undergo a ijigorous rese 
cycle pribr to release for reproduction arid distribution by other agencies. At 
least three jshase^ of field ;testlng—w6rk^w supervised per- 

formance field test, afid an operatipnaP jest* under normal user conditions 
without Labpratory participation— preced^ formal external review and an offi- 
cial decision on accejatabllity. In view of this thorough evaluation^ those who 
adopt Laboratory products and prpciBSses can knp.w wjth certainty the kind of 
outcomes they can artJicipate in their o\i^n educational setti Laboratory 
products have .consistently earned ijnpartial national evalua- 

tions of research-and-deyetopmeht based training m / 

The Laboratory is uniquely qualified to train adults in the use of media 
and in other educational/technolpgicai ari^^^^ staff has de- 

veloped extensive expbriiBnce in preparing multi-mecJia training materials for 
professionals arid in providing on-site tra^^ 

studio in the new Center for Educational D^velopmejit includes a broad array ] 
of film, videotape, photography 

N^The Laboratory is a^ iii the Sari 

Francjsco Bay Area and supported in part by the Department of Health, Educa- 

The work ofthe laboratory is goverrted by a Board of Directors ap- 
pointed by the inajor educational agencies in the staj'tes of California, Nevada, 



ari*d Utah. 
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